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FOREWORD

This report is based on the first year of research supported by the
Division of Science Information of the National Science Foundation. It
provides an analytical summary of data on scientific and technical
information (STI), beginning with the generation of ST1 through its use. We
expect to continue efforts to refine, expand, and improve measures of
scientific and technical communication. Therefore, your suggestions and
comments on this report will be appreciated.

Details under:ying data included in this report are available in Volume 11
of this series, currently available from NTIS.1

Lee C. Burchinal
Director
Division of Science Information
National Scien Foundation

.tituttst Sun! Indicutnrs .tirn.nt :fir and Teulmwal Clunnnmulition (1950- WHO), v"..)111,111, II: A
,o.nrch Nlily 1!)71i. King Resviirr.h. Inc.. PH 254 rnio, $12.75 for pappr copy; $2,25 for
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PREFACE

The MitiOnal Science Foundation, Division
of Science Information, places major impor-
tance on supplying data and statistical in-
dicators that car ')e used for planning and
policy purposes. Thus, NSF requeste(l
proposals for developing statistical indictors
in the scientific and technim,I :nformation
(STI) field. The justification for developing
these indicators is quot,d from the Request for
Proposal E-77 as follows:

Numerous studies have focused On
the transfer of research results from
originators to users. But most of these
investigatioml have been limited to
0111! phase of information transfer or
to one field of science or to one poir t in
lime. The need for 0 comprehensive
and continuing information hose for
policy and planning is b.,, no means
new, Im t it becomes even Imre urgent
as the volume of scientific and
technical information rises beyond
the reach of' manual processing, while
automation on o massive scale ap-
proaches the point of economic
feasibility. In order to monitor and
assess these developments,
statistical system fo gathering,
organizing, and analyzing data rele-
vant to sill aspects of scientific ond
technical communication is indispen-
sable. The objective ef this project is
to olo..'elop and initiate a system of
statistical indicators of scientific and
to..hnicol communication. Each in-
dkator, as a time series, will trace out
some aspect of the production of new
s.:ientific ond technical information,
of the transfer of that information to
users. OP of the resources needed to
preserve it for future use and to
retrieve it when needed. The in-
dicators are intended for analysis and
interpretation by ph,',ners and
policymakers in Caivernment and in
the private sector and as (lata in
modeling and simulation studies.
Taken together they can be used to
describe trends, anticipate new
developments, and guide the evolu-

lion of the Nation's information
resources toward better and more
economical service.

In order to develop a system of statistical
indicators, it was necessary to study hundreds
of secondary data sources and, from these
sources, derive a small number of indicators
that portray the direction of scientific and
technical (Sti(1) communication over the past
(Ind into the future. It is anticipated that these
indicators will be useful to information
science administrators and policymakers as
well as others engaged in the management of
STI.

Since the range of available data is so broad
and since the data are interwoven into a small
number of indicators inlliverse ways, we have
chosen to present results of our investigation

'hret distinct volumes.

is, the first volume, is a presentation of
Statistical Indicators of Scientific and

Communication (1)60-1 tnic
This volume includes a description of ti
major indicators ond their significance to
the field of communication of STI. These
indicators are addressed to information
managers, administrators and
policymakers.

The second volume is titled Statistical
Indicators of Scientific and Technical
unnmanication (1960-1t80): A Research
Report. and concerns the analysis of data
leading to the system of statistical in-
dicators. It includes a description of the
framework leading to the system of'
statistical indicators. The second volume
will be of interest to those engaged in
research involving communication of
STI. It will also serve those who are
interested in the detdils of now the system
of statistical indicators was derived.

The third volume is a data appendix to
Volume II. It contains the "raw" (Iota
which we collected in the course of the
study. It is hoped that this volume will be
of use as a (Iota reference tool to those
engaged in detailed research in coot-
nninHdtion STl.



One of the constraints of the study was that
all data be of a secondary nature. (that is,
informatien obtained from existing and
available data sources). Thus, we attempted
an exhaustive analysis of secondary sources of
data, and their weaknesses and strengths, in
building a system of statistical indicators. A
second constraint of the study was that the
number of statistical indicators be not less
than five nor more than twenty.

The study, designed by King Research, Inc.,
Center for Quantitative Sciences, included
five major tasksa background study,
development of a framework for the in-
dicators, data collection, development of the
system of statistical indicators and reporting.

Ms. Helene Ebenfield, the project monitor,
has been most helpful and supportive
throughout the entire project. In addition to
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the identified authors, other professional staff
members of the Center for Quantitative
Sciences who were heavily involved in the
study were Katherine McEvoy, Alice New-
man, Colleen Schell, Charles Schueller, and
Mary Yates. Mr. F. W. Lancaster, a consultant
on the project was of particular help in the
preparation of the research report (Volume II).
Other consultants on the project were Francois
Kertesz, Klaus Otten, William Creager and
Betti Goldwasser. We also received substan-
tial help from a large number of voluntary
reviewers and organization's. Mr. Robert
Cotten assisted in editing this volume and
Volume II.

Donald W. King
Principal Investigator
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BACKGROUND

Communication of scientific and technical
information (STI) is clearly 'one of the most
important aspects of scientific research, for it
is this process that leads to its widespread use
and ultimate benefits. Communication, how-
ever, has become increasingly difficult and
complex as the number of persons engaged in
science and technology (S&T) multiplies, as
the breadth and depth of scientific knowledge
grows correspondingly and as the need for
multiO:sciplinary scientific research becomes
more prevalent in such critical areas as cancer
and energy research. Scientific and technical
communication currently consist:, of num-
erous formal and informal media ranging from
books to unrecorded word of mouth. These
media are transferred from author to user
through a myriad of channels utilizing hun-
dreds of processes. The difficulties en-
countered in S&T communication are further
aggrevated by increased costs of the com-
munication proccsses coupled with decreased
resot:rces available for performing the com-
munication functions. Also adding sonw con-
fusion to the state of S&T communication are a
number of recent and potential technological
innovations that may be applied to (hi various
steps of the communication process if they are
demonstrated to be technologically sound and
economically feasible. Thus. StitT communica-
tion could go in any one of several dramatic
new directions in the future.

Unfortunately, to date there is no cohesive
set of data that measures the extent of
communication by the various media or by the
channels used to transfer ST1. Furthermore,
there are no data indicating the amount of
labor resources and ft nds expended in com-
municating s&T information. Because of a lack
of such fundamental information concerning
communication processes, it is extremely
difficult to know what directions to pursue
concerning information research and
technology or to speculate as to which in-
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novations or technologies hold the most
promise in solving the complex problems that
nmst be faced in the future

In order to gain some understanding of what
has happened and to anticipate what is likely
to occur in the future, a system of statistical
indicators of S&T communication was needed.
This led to the primary objective of the
research of this monograph which was to
develop such a system of statistical indicators
based on available secondary sources of data.
Since data were largely limited to secondary
sources and several gaps in data were filled by
extending data on the basis of assumptions,
there are some weaknesses in the system of
indicators. These weaknesses and assump-
tions are discussed in detail, along with
methods of data :ollection and analysis in
Valume 11: A Research Report.

It is emphasized that we chose to provide as
complete and comprehensive picture of the
S&T communication in the United States as
possible without making assumptions that do
not have some reasonable basis. If one believes
the assumptions used to he invalid, data based
on other assumptions can be incorporated into
the indicator models to determine their impact
on conclusions that are drawn from the system
of indicators. Finally, if secondary sources or
assumptions are sur:ficiently weak, the collec-
tion of new, more accurate and precise ditto
may be warranted. Thus, this statistic:0
indicators report will also serve a useful
purpose in determining future (I ata re-
quirements.

Data collection in this study involved a large
number of secondary sources. Among these,
various National Science Foundation, Bureau
of Census, and Bureau of Labor Statistics
publications provided information on scien-
tific manpower and research and development
(R&D) funding patterns, and survey results
from the Library Surveys Branch of the
National Center for Educational Statistics
were used in discussions of libraries. Both
Statistical Abstracts of the United Stotes[31

8 3



and the nowber Annuol of Librory tiiid Houl,
Trude hdurnudiu1121 il;l! heavily cited
throughout the study.

In the important area of journal publishing,
d valuable source was the SATCMI report 151
prepared by the Task Group on the Economics
of Primary Publication of the Committee on
Scientific and Technical Communication of
the National Academy of Sciences and the
National Academy of Engineering. This report
presented results of a slimly, prepared by
Conyers Herring, that carefully analyzed a
number of economic factors of journal
publishing such as costs, price, circulation,
and sources of revenue.

Additional data on journals came from a
study sponsored by the National Science
Foundation, Division of Science Information.
This 5tudy141, recently completed by the
Indiana University under the direction of
Bernard M. Fry, obtained economi(: data from
journal publishers and libraries for three years
over a five year period ( 1969, 1971, 1973). Our
results nse Some Of these data, as %veil as data
from other sources, to extend the analysis back
to 1960 and to forecast smile statistii:al
indicators of the economics of journal
publishing forward to 1980. A second study
sponsored by NSF is currently Underway at
New York University under the :lirection of
Dr. Fritz Machlup.[6] This study will provide
accurate and up-to-date data oa
for a 19-year period, including costs, price and
circulation. We expect that some of our data
will be superseded by these data since their
data gathering procedures (data collection
with personal interview by gra(ivate students)
are superior to procedures used by others in
the past.

Another data source was a special study of
journal publiihing conducted to fill a major
gap in the available secondary data sources,
This study kVits subdivided into three distinct
parts. The first part involved 0 sample a 191
scholarly S&T journals. These journals were
visually examineii back to 1962 to obtain
information about their physical
charac:er:stics such as number of issues per
year, number of articles per issue, number of
pages per article, number of characters per
page, number of special graphics, and number
of citations. The second part iivolved a survey
of authors of journal articles to determine
information about their articles such as page
chap;es, reprints distributed and number of
manuscript revisions. Information was also
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Obtained ubout journal artii.les that tverecited
by the auihors such as how the authors
identified their cited articles and how th,,y
gained physical access to them. The third part
of the study involved a thorough review of'
secondary sources of data such as other
stadies, and Available publisher records.
Initial plans cicd for a small publisher
survey, but it %Vas decided that this survey
vould be duplicative of Machlup's research
previously referenced. The journal tracking
study provided inforinclion over the 1962 to
1974 period on the prices charged to various
subscribers, There is a cfearth of information
on publishing costs over this period of' time.
Therefore, a cost model developed in an earlier
NSF study[1] 1Nd5 applied to estimate costs of
typical journals.

To the extent possible, all data collection
1,vas conducted in terms of fields of science
used !of the National Science Foundation and
by the Office of !Management and Budget.1
These nine fields i're:

1. Physical Sciences (Astronoin'y,
Chemistry, Physics, Physical S(:iences)

2. Mathematics (and Statistics)

3. Computer Sciences and Engineering

4. Environmental Sciences (Atnlospheric
Sciences, Geological Sciences)

5. Engineering (Aeronautical, Astro-
nautical, Chemical, Civil)

6, Life Sciences (I3iological, Clinical
IvIedical, Other Medical, Life Sciences)

7. Psychology (Biological Aspects, Social
Aspects, Psychological S(:iences)

R. Social Sciences (Anthropology,
Economics, History, Linguistics, Political
Science, Sociology, Law, Social Sciences)

9. Other sciences (Science and Technology
Assessment, Science Policy, Other
Sciences)

l'he overall framework used for analysis is
briefly discussed below.

' The above lields of science fire from "NSF Fields of
Sceinre Defined.- rtier Notes. ;NM. 1t .00olter 22,
Thu livid ol Computer Sciences EngimPring wits
derived from the field of Mdthematirs tot listeti in Circular
No, Trimsmiltal Mi.morimdtim NO. I

pro] from I he 1311M111 of Ow Budget (now Olhce ol
Marmgement mid Budget).



In order to gain slimy understanding of %vim!
has happellyd and iticipate what is likely to
occur ill the future of SWI' communication, a
system of Shill:it iCal lVaS 111"cii141.
Tilt indiCallit'S pall Of 1111S

IhISVII 011 a ll'ill111!%Vork a SI:11(111d it:
[Mille! of Co1111111illicill tun III SWI' tV111(111 is
Ilt!piCli'd ill F1141111! I. This diagram rypresents
im information transivr spiral based on
published documents, although some of the
functions described in it are applicably to
ot hr. rills of communication ils well. Thy
spii di:hides ten functions thu uIi VSS11111111

10 I:01111110V 1111' transfer of information. Thesy
111111C1itills MTV (1111i51ql becillIst!
lo itt Ullitnit, ill their representation of thy

Figure 1
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tyithold re:wart:1i results to report or to
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As a result of scientific research projects,
manuscripts (Woks, articles, reports) are
composed (2). The composition function riders
hi formal writing, editing and reviewing of the
manuscripts. NAThen a manuscript is in a form
to Ile communicated it i:: considered to be
Recorded (3), These two functions are the role
of authors, publishers and other scientists
when editing and review are performed. At
this stage, in isolation, authors have very little
impact On the scientific community by means
of formal communication. It is not until the
work has been reproduced and distributed
that it has the potential for widespread
influence on an audience beyond the author's
circle of colleagues and fellow specialists.

The Reproduction (4) and Distribution (5)
liwctions are usually the role of the publisher
of sHentific materials. However, as

dermns ;lied later, the authors, libraries and
coil( "goes also play an important role in
reproi:uction and distribution. Transfer ot
documents through the latter three par-
ticipants may be thought of as indirect
reproduction and distribution which cannot
take place without Acquisition und Storage
((3). Although many individuals may acquire
S&T books, articles or reports, aml may stole
them, at least for a while, !his stage of the
spiral is represented by acquisition and
storage by libraries and other information
centers. Through their acquisition an storage
policies, libraries rrovide a r)ermanent
archieve of scientific achievement. They also
proYide a guaranteed source of access to this
record.

Libraries also have au important role to play
in Organization mid Control (7) functions. In
addition to collecting publications, libraries
nd other information centers provide access

to these documents through catalo!.!ing,
classification, indexing and other relatid
procedures. The major indexing and abstrac-
ting services and bibliographic services play
an important role in organization and control
as well. Needed publications may be Identified
mid Located (8) by a number of processes
including reference to one's own subscription,
library search and, recently, computerized
search and retrieval systems. This function is
usually accomplished by the user or an
intermediary from a library or other informa-
tion service. The Physical Access (9) function
may include direct distribution of S&Tarticles
from publishers to users as well as indirect
distribution through libraries ard other infor-

ii

mation centers. The final function in the spiral,
that of Assimilation by User ( 10), is the ieast
tangible, Jhho assinidation function is the stage
at which information (as opposed to

documents) is transferred. It is at this stage
that the state of the user's knowledge is
altered. The functional franiework is
presented as a spiral because the communica-
tion process is cmitinuous and regenerative.
Through assimilatirm a reader may gain
in forination that can be used in his research in
such phases as conceptualization, design,
research, analysis, and composition. This
research may, in tirm, generate new composi-
tion and recording, and so the process con-
tinues.

Each of the ten functions was carefully
examined in this study concerning trends in
number of items of literature processed such
as books, journals, reports and so on; cost of
processing the items; price ef the literature:
niethods of processing and so on. Particular
attention was paid to identifying all of the
costs associated with each function. l'hese
costs sw del imes were clear-col such as in
printinr -lowever, an attempt was also made
to esti',,;Le hidden costs such as in writing,
reviewi:lj, and reading S&T literature. It is

here that some broad assumptions were
necessary to achieve a comprehensive picture
of S&T communication.

STATISTICAL INDICATORS

Important indicators of S&T communication
are those t hat correla .e the growth of literature
and its use to other evidence of scientific
expansica in the IS. such as number of
scientists and engineers, that compare the cost
of communication with general econimic
trends in the U.S. such as those illustrated by
the Gross National Product (GNP), and that
provide insight as to the strengths and
weaknesses of various forms of literature and
their communication functions. In this study
general indicators are given for the growth
over recent years of specific forms of literature
including S&T. books, journals, government
sponsored reports as well as published disser-
tations, conference proceedings, and U.S.
patents. The general economic outlook of each
form of literature is also investigated. Further-
mowe, each function performed in communica-
tion of the various forms is studied in isolation
to identify any aberation in trends that might



suggest it new Strength Ur possible yeakness
in the bum ol literature or its functions,

'imne background is given hero lor the
ltisticil intlkalnrs with examples given for

Stta books and schalarIN journals since these
forms of literature are traditinnally so impor-
tant to SctellUe and technology and since data
are complete for them over the years 1969
throng!) 1974. The other literatore forms are
discussed in delad along with hooks imd
journals in the sections that folio w. ahing with
figures to accompany the discussion.

( ;row th of the amount of so:iiotofic liter.:ture
itu Hs vairiffils 1011115 proVidPS

0 gene-al pictilre
of the overall health of S&T communication as

is the relative strength id each of the
forms. One indicator ol this growth is the total
number Of literature items yritten by scien-
tists and engineers, ramerally, all forms ot
literature have experienced steady growth in
windier (a items written from 1960 to 197-1 and
should continue this growth H11101101 19HO.
Scientific and technical books have exhiln led
the greatest rise from 3,379 titles in 1960 to
14,442 in 1974 (327 percent increase) and
scholarly journit: articles have increased front
106,000 in 1960 to 151,000 in 1974 (42 percent
increase).

This growth is related to overall increase of
science in the 11.S. The question is 1,.hether the
trend is for scientists to writ, more or [ewer
books and articles which is indicative of the
strength of these forms of literature. The
number of scientists per S&T book published
has dropped dramatically from 343 in 1960 to
137 in 1974. By contrast the individnal
productiveness of scientists in writing journal
articles has remained stable, but sli).htly
decreasing ov!si the years. The number of
scientists per article written has increased
from 10.9 in 1960 to 13.1 in 1974.

The number or S&T literature items written
preseAts only a partial picture of the overall
health of S&Tcommunication. Another impor-
tant e ement of this picture is the number of
copies actually purchased since this reflects
interei t and usefulness of these materials The
user lemand for literature results from
perceied quality of thi. literature and the
price paid for the information. Thus, demand
is an impor;:int indicator of the importance of
the literature. The total number of copies
publislwd and the numlwr of copies published
per scientist show a substantially different
picture revarding the books and journals than
did the number of items written. The average

12

number of journal subscriptions increased
steadily Ilion 3,900 domestic subscribers per
journal in 11160 to 6,000 sithscri burs in 1971 (5.1
per(.elit increase; Th) number
silliscriptinnsl individuals l pei scien t is t
increased slighth, over the years from 3.0
subscriptions; orr scientist in 1960 to 3,6
subsci 1974. When institutional
subscriptions are considered, the number hos
remained relidtvely constant MAI' III( Vedrs
IWIV% dim o and 7 subscriptions per scientist.
Scientihc and technical books, on the other
hand, experienced a substantial decrease in
number of copies sold per book over the years
from 2,400 cooks per book sold in 1960 lo less
than BOO copies in 1974. There was it par-

largellraP Iii the oiilv 19tiOs vilh the
trend continuing steadily doviiviord after that
time. The number ol copies of books sold per
scientist hos remained between about 6 and 6
in the past but nuty decline in the future. The
flat trend of copies sold per scientist of the Iwo
forms of literature suggest that there is a
saturation point of the number of copies that
scientists will inirchase (or have purchased for
t hem).

The average number of copies of S&T
literature purchased serves its an indicator of
.cienti fit: interest and usefulness. However,
user demand is also dependent on the price of
the literature. Price is an important indicator
of ti&T communication since it partially
determines demand and it reflects cost and
general economic stability. In current dollars,
average journal subscription prices increased
frnin $5.30 in 1960 to $20.10 in 1974 (260
percent increase). Books increased from $8.50
to S18.40 (116 percent increase). In constant
dollars. the incre;,se over th;s period of time
was 1:11 percent and 28 percent for journal
subscriptions to individual and institutional
subscribers respectively. Books increas.41 31
percent in constant dollars during this time
span.

Between the time S&T literature is dis-
trilmted and the time it is used, substantial
processing may be performed by libraries and
secondary services. These institutions are
responsible for the acquisition; storage; organ-
ization and control: and identification of the

ure ill order to provide efficient in telhsc-
nal and physical access to it.
Academic library hohlings exp,Tienced it 90

percent growth betyeen 1964 and '1974. It is-
estimated that the number of new volumes
available per scientist (including graduate
students) has grown from 129 volumes in 1964
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to 146 in 1974, an increase of 22 percent.
Compared with a growth of 63 percent in
books published and 19 percent in journals
published over the same period, it appears that
scientists' at, -ess to the literature by means of
libraries is decreasing, were it not for the
counter balancing trend of increased use of
library networks. Academic library holdings
increased from 189 million in 1960 to 455
million in 1974 (141 percent increase).

The total number of items processed by U.S.
members and affiliates of the National Foun-
dation of Abstracting and Indexing Services
increased 145 percent between 1960 and 1974
and is projected to increase an additional 33
percent by 1980, reflecting both increased
literature production and increased coverage.

Very little information is availabte on
assimilation and use of information over time.
Citation data provide some indication of
quality, extent of use and relative use of the
journal literature among !xientific fields and
international exchange. However, trends have
not been observed over time so that results are
not given here.

Total resource expenditures is one of the
most important indicators of S&T communica-
tion. Scientific and technical coman,nication
resource expenditures have risen faster than
the GNP and R&D funding. From 1960 to 1974
the GNP has grown 177 percen t, R&D funding
has increased 136 percent and S&T com-
munication resource expenditures have in-
creased substantially by an estimated 323
percent. Total communication resource expen-
ditures were estimated to be $2.0 billion in
1960 and $8.5 billion in 1974.

The principal reasons that S&T communica-
tion resource expenditures have grown a
disproportionate amount during this time is
that the amount of literature written and
distributed has increased substantially and
the unit cos t of communication has generally
risen faster than inflation. These facts are
clearly borne out by statistical indicators
presented in the sections that follow. The
growth of communication has closely paralled
the increase in number of scientists. However,
the growth in resource expenditures is due to
other factors as well. The S&T communication
resource expenditure in constant dollars per
scientist has increased from about $2000 in
1960 to $3000 in 1974 and is expected to remain
about the same until 1980. This 50 percent
increase over time is attributable to a large
increase in scientists' salaries and other costs
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of producing and processing S&T literature. A
substantial proportion of the resource expen-
ditures is due to scientists' time devoted to
writing, editing, reviewing, searching, and
reading the S&T literature. Their salaries have
increased at a rate greater than inflation, with
their median salaries in constant dollars
increasing from $10,700 in 1960 to $13,300 in
1974. In addition, costs of reproducing and
processing S&T literature have also increased
at a rate faster than infla This is partially
due to the fact that sal s related to such
things as publishing, printing, abstrac ting and
irulexing, and libraries have all increased at a
rate greater than inflation. Another portion of
the remaining contributions to expenditures is
due to the increased number of S&T books and
reports produced per scientist. These in-
dicators are presented in the third section. It is
pointed out that some technological advances
such as computerized photocomposition have
eased the cost squeeze to sore degree. In the
future, it is anticipated that computerized
searching, microform publishing, library
networking and other innovations are also
likely to have some positive impact on Eie
economics of S&T communication.

The costs attributed to S&T journals rose
from $1.3 billion in 1960 to $5.6 billion in 1974
(3'30 percent increase) while the costs
associated with S&T books increased from
$600 million to $2.1 billion during this time
(over 250 percent increase). Reports and other
forms of literature accounted for the
remainder of the expenditures. Most of the
costs are contributed by scientists' labor in
writing and using S&T literature. The writing
(composition and recording) was $300 million
in 1960 and increased to $1.8 billion in 1974
(nearly 500 percent increase). These costs are
based on estimates of the average amount of
time spent on such activities as writing,
editing, reviewing, and typing manuscripts.
The total costs are found by multiplying the
labor costs by the number of manuscripts
written and published. Thus, growth in costs
reflect both increases in salaries as well as
number of items. Similarly, costs for assimila-
tion rose from $1.0 billion in 1960 to $3.6
billion in 1974 (260 percent increase).
Reproduction and distribution costs rose from
$150 million in 1960 to $930 million in 1974, an
increase of 520 percent. Acquisition and
storage costs increased from $37 million in
1960 to $180 million in 1974, reflecting a
growth of 390 percent. The increase for



organization and control costs was similar at
370 percent, ranging from $58 million in 1966
to $270 million in 1974. Costs associated with
identification and access rose from $400
million in 1960 to $1.7 billion in 1974, an
increase of 320 percent.

The second chapter discusses the resource
expenditures in detail with the total dis-
tributed by participants (scientist, publisher,
library and user), form of literature (journals,
books, reports and other forms). and corn-

munication function. Chapter 3 gives detailed
data for the growth of the various forms of
litera;ure. The next chapter deals with trends
observed in libraries and secondary products
and services. The final chapter provides
information and trends concerning the use of
S&T information. Particular attention is given
in the last chapter to trends in citation use and
how users identify and gain physical access to
journal articles. Most of the trends are
depicted in graphic form. All data in the
figures are also given in the Appendix'.

Tabhi numbers correspond to thc figure numbers for
convenience. For the figures with no numbers plotted
them will be no corresponding tables.

14
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Chapter 2

Growth of Scientific and Technical
Communication Resource Expenditures

Total resource expenditures is one of the
most important indicators of scientific and
technical (S&T) communication. An attempt
has been made in deriving statistical in-
dicators to identify and analyze all the
components of resource expenditures of S&T
communicatiffil.

The term "resource expenditure.' is used
because the total expenditure is expressed in
terms ffi' both funds as well as manpower. It
will be shown that the funds expended in
communication of scientific and technical
information (STI) are increasing rapidly, ti *. a
pace :_reater than both the Nation's Gross
National Product ((NP) and also the funds
expended for research and dr- ,ment
(R&D). This growth is highly corr . with
increases in scientific manpower, a...., com-
munication iictivities should continue to grow
as the scientific manpower expands. In this
chapter the total S&T communication
resources expended are sub(livide(l by mode of
communication (hooks, journals, reports, and
so on), and by principal participants (scien-
tists as authors, publishers, libraries, and
secon(lary services, and scientists as users).
Thus, the various conmmnication modes and
principal participants can be compared as to
their relativ, contribution to total resources
expended.

HIGHLIGHTS

The total resources expended in S&T
communication in the [LS. are es limilted
al $9,4 billion in 1975. This figure
includes the costs incurred by authors,
publishers, libraries and secondary serv-
ices, and users in the production and use

Thf'st (1.11.1,111.prysl'illpil with SUM(' 1:;11.1.;Its
livrp thuniiity,hly, dip cffinpon'ilii

dim11111,ml. II: A ih,;(.arf h

of S&T books, journals, reports, and other
publications.

O The I ot al resources expended in S&T
communication are growing at a frAer
rate than the GNP. The GNP has grown
177 percent from 1960 to 1974, whereas
total resources expended have increased
from $2.0 to $8.5 billion, o- 320 percent,
The future trend in communication
resource expenditures, however, appears
to reverse and may begin downward,

The growth of resource expenditures of
S&T communication is particularly
pronounced when compared to R&P
funding levels. The ratio of S&T con.
munication resource expenditures to R&D
funding levels was 0.149 in 1960 and has
swelled to 0.266 in 1974. If this trend
continues, the proportion of STI
resources allocated from R&D funding
will complete more and more heavily with
other R&D activities, R&D funding levels
are expected to increase in the near future
so that these pressures may not be too
critical, but bear observing.

The number of scientists and engineers
increased at an average annual rate of 3.8
percent from 1960 to 1975 and is expected
to begin levelling off to an average annual
rate of increase of 2.7 percent, This should
mean that the amount of STI services and
7-iroducts will also level off accordingly
since there will be relatively fewer
producers and users of them. Perhaps,
more importantly, since the demand for
scientists in the labor market has gone
down, their salaries have also levelled off'.
This trend could result in relatively lower
S&T communication resource expen-
ditures.

13



Scientific and technical communication
resourc,!expendit M'es in constant clonal s
per scientist have increased from about
$2000 in 1960 to $3000 in 1974 and are
expected to remain about the same until
1980.

Scientific: and technical journals, when
scientists time is taken into account,
made the greatest contribution to total
S&T communication resource expen-
ditures at about 63 percent of the total.
I3ooks added another 28 percent in 1960
(23 percent in 1974). About 60-70 percent
of the total expendit ores is attributable to
individual scientists in writing, editing,
reviewing, and reading S&T literature.
Libraries and secondary services con-
tribute about one-fourth of the total and
publishers add less than ten percent to the
total costs. Since such a large expenditure
comes from scientists and their efforts,
perhaps more careful efforts should be
made to evaluate and support their S&T
communication activities.

DISCUSSION

The total resources expended on S&T
communication are computed by summing all
resources and costs associated with preparing,
publishing, distributing and using the range of
S &T literature. This encompasses the efforts
of ail participants in the system, including
scientists as both authors and users,
publishers, libraries and secondary services.
The total communication resource expen-
ditures shown in Figure 2 have increased
rapidly in both current and constant dollars
since 1960. Current dollar expenditures have
increased from it figure just over $2 billion to
$9.4 billion in 1975. In constant dollars, the
average rate of increase between 1960 and
1975 was 6.6 percent; and continued annual
increases over 3 percent are forecast through
1980.

The resources expended in the communica-
tion of STE are considerable. They are,
however, only a portion of the total resources
expended by the entire U.S. information
sector. Porati 8], based on previous work of
Machlupf4 for example, defines information
activity to represent a primary sector of the
economy, which is made up of industries
which sell information goods and services, and
two planning sectors, private and public.
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Figure 2
Total S&T communication res3urce
expenditures (1960-1980)
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According to Porat, activities of these three
components of the information economy in
1967 together accounted for over $360 billion
or over 45 percent of the GNP. The primary
information sector alone represented over
$160 billion in information value added, or 20
pement of the GNP. The expenditures
presented in this monograph reflect the
portion of total expenditures which is related
to S&T communication, and to the transfer of
information primarily by means of the
published literature.

The general health of S&T communication
can be assessed by comparing resource expen-
ditures to the GNP and to R&D funding. The
GNP serves as a general indicator of economic
condition in the U.S. Thus, it is used as a base
against which to compare the resources
expended in S&T communication. Figure 3
shows the GNP from 1960 to 1930 in current
dollars. Constant dollars are computed by



using the GNP implicit price deflator, with
1967 as the base year. 'l'he valm of the GNP in
constant dollars has grown an average of 3.3
percent annually between 1960 and 1975, and
is expected to continue increasing at an
average of 4.2 percent annaully to 1980.

Estimated total S&T communication
resource expenditure is presented along with
GNP an,' R&D funding in Figure 3 in current
dollars. The S&T communication resource
expenditures have clearly risen faster than the
GNP and R&D funding. From 1960 to 1974 the

Figure 3

Total S&T communication resource
expenditures, gross national product, and
research and development funds,
in current dollars (1960-1980)

(Billions of Dollars)
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GNP hns grown 177 percent, R&D funding has
incr, ised 136 percent anc: S&T communica-
tion resource expendtiures have increased
much more by an estimated 323 percent.
Trends in the relative growth cf communica-
tion resource expenditureb and R&D
funding are given below.

The ratio of S&T cjnimunication resource
expenditures to GNP is given in Figure 4.

In 1960, S&T communication resourct
expenditures accounted for 0.4 percent of the
GNP. The percentage increased steadily over
the years, reaching about 0.6 percent in the
early 1970's. The forecast is for a slight
continued increase and then a decline bac:. to
around 0.6 percent by 1980.

The second comparison is that of S&T
communication resource expenditures and
R&D funding levels. 1 hough the exact
relationship is unknown, muuh of the
resources expended in S&T communication
(particularly in the generation and use of
information) come from R&D funds. For this
reason, these two categori s might be expected
to grow at the same rate. Figure 5 shows the
ratio of the two values.

GNP

10

R&D funds

Figure 4
Ratio bf S&T comnninicatinn retaurc
expenditure's to GNP
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The ratio of communication to R&D expen-
ditures remained constant at about 0.16 from
1960 to 1964 but has risen steadily since 1964
and will continue to do so through 1980. As
indicated previously, R&D funds increased
136 percent between 1960 and 1974, and are
forecast to increase an additional 51 percent
between 1975 and 1980. For the same periods,
communication resource expenditure in-
creases are 323 and 77 percent, respectively.

The dramatic rise in communication
resource expenditures suggests the in-
creasingly important role which STI plays in
our society and in R&D. This reflects a healthy
increase in the volume of S&T communication.
On the other hand, there could be problems if
the cost of communication rises faster than the
cost of other scientific activities that share
common R&D budgets.

As stated above, an important consideration
relatNI to the growth or S&T communication
expenditures is the increase in the number of
scientists and engineers. These data are
presented in Figure 6. There were about 1.2
million scientists and engineers in 1960 and
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Figure 6-
EstiMated number u. scientitts
and, engineert (1960-1980)':'
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about 2.0 million in 197j.2 The average annual
growth rale over this period was 3.8 percent.

The number of scientists is divided into the
estimated total communication resource ex-
penditures to determine the average expen-,
diture per scientist or engineer. This is shown
in Figure 7.

The resources expended per scientist
equalled about $1700 in 1960 and $4300 in
1974. In constant dollars, average expen-
ditures reflect an increase from about V.' 300 to
$3000, or 50 percent. Projections suggest that
the average constant dollar expenditure will
level off over the next 5 years (1975-1980),
remaining at aro.;nd $3000.

As mentioned previously, one of the major
reasons average S&T communication resource
expenditures have risen is that much of the
total resource expenditure is a function of
scientists' salaries, an( .hese salaries in-
creased more rapidly than inflation up to 1973.

2 The total number of scientists and engineers presented
lwre includes social scientists.



This trend is expected to level off through
1980. The S&T communication resource ex-
penditure per scientist is shown in Figure 8 as
a ratio of median scientists' salaries. ,

As indicated, there is little change in this
relationship over the years after 1973. The
elements cf S&T communication resource
expenditures attributable to scientists and the
role which scientists' salaries play in deter-
mining these expenditures are considered in
more detail in Chapter 5.

An important basis for understanding S&T
communication resouri- t expenditures is the
components which make up these expen-
ditures and their respective growth. Much of
the remainder of this monograph is devoted to
development of cost factors which were
included in the total, covering in detail ench
component. The remaining data in this secti;!r,
summarize these results, presenting tot,il

Figure 7
S&T communication resource expenditurt:
per scientist or engineer
in current and constant dollars: (19601980)
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communication resource expenditures, by
medium, by participant, and by particirant
within each medium. For each presentat:on,
both current and constant dollar figures are
given.

Distribution of the total communication
resource expenditures for journals, books,
reports and other forms of literature is shown
in Figures 9 and 10 for current and constant
dollars, respectively.

The journal figures shown are based on all
U.S. S&T journals, includ.ng both scholarly
journals as well as trade, technical and other
types of S&T periodicals. There were about
8,000 such journals in 1974. Books covered in
the- cost figures were hard-cover S&T
publications which included ..er 14,000 tit1 s
in 1974. Report cost figures tre baser1 a
subset the total number of aerated
wLich includes only those titles released
thi-,ugh the Government printing Office or the

Technical Information Service.
Other literature includes doctoral disser-
tations, U.S. patents, and conference
proceedings.

Figure 8
Ratio of S&T communication resource
expenditure per scientist
to median scientists' salaries (19601980)
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Figure 9
Iota! "'-'; communication resource expenditures
by medium in current dollars (1960-1980)
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The total expenditures associated with
journals are much higher than with the other
forms of literature. The journal expenditures
%veil! about S1.3 billion in 1900 and rose
steadily to 55.0 billion in 1974. They are
expected to continue increasing up to S9.9
billion in 1980. The pruporlion of total
expenditures associated with journals was 03
percent in 1960 and is expected to continue at
that level up to 1980. The total expenditures
attributable to SWIs books was 5800 million in
1900 and 52.1 billion in 1974 with an expected
increase to 53.5 billion in 1980. Expenditures
associated with books comprised 28 percent of'
the total in 1900 and are expected logo steadily
down to about 25 percent in 1980. Expen-
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Figure 10
Total S&T communication resource expenditures
by medium in constant dollars (1960-1980)
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di t ores are a direct function of the number of
S&T materials (book titles, journal articles,
reports, dissertatiorm, and so on); and the
number of materials are, in turn, closely
correlated with the number of scientists.
Development of these ielationships form the
basis for statistical indicators presented in the
next chapter.

The contribution to overall resource expen-
ditures attributable to the principal S&T
communication participants (scientists as
authors of the literature, publishers, librarie'i
and secondary services, and scientists as users
of the literature) is given in Figure 11 and
Figure 12 for current and constant dollars,
respectively. Resources are determined for
scientists largely by their time devoted to
writing, editing and reviewing literature as
well as to using S&T literature. Publishers
contribute to total expenditures by the costs
they incur in reproducing and distrtlmting



Figure 11

Total S&T communication resource
expenditures by participants in
current dollars (1960-1980)
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literature. Libraries and secondary services
inc Ur expenses in acquiring and storing
literature, provaling management and organ-
ization of the literature (cataloging, abstrac-
ting and indexing) and identifying, locating
and providing physical access tc the literature.

The largest contribution to total resource
expenditures is by scientists who use the
literature. They contributed about one-half of
the total resource expenditures in 1960,
although the contribution decreases to about
40 percent in 1980. The decrease is attributable
to the dampening in number of scientists and
to the levelling off of their salaries. Library
and secondary services contribute about one-
fourth of the expenditures uver the entire span

Figure 12

Total S&T communication resource
expenditures by participants in
constant dollars (1960-1980)

(Billions of Dollars)
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of time. Publishers contribute less than 10
percent over the period 1960 to 1980, and
scientists, as authors of the literature, con-
t Mute about 17 percent in 1960 and this
proportion is expected to increase to 23
percent in 1980.

Data are shown below for the participants'
contributions to each of the major literature
forms (books, journals, and reports) and to the
combined other literature. Journal com-
munication costs are shown in Figure 13.
Journals account for nearly two-thirds of total
communication costs and they also account for
a large percentage of the costs associated with
each participant. Publication costs are higher
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for journals than for the other media, and their
percentage contribution to the total rose
steadily over the 1960 to 1974 period. Library-
related costs for journals (exclusive of sub-
scription prices) have also been rising, but at a
slower rate.

Most striking in 'the iournal costs ale the
rates of growth observed in the 1960 to 1974
period; 520, 718, 290, and 249 percent respec-
tively for scientists, publishers, libraries and
users. These rates are equivalent to average
annual increases of 13.9, 16.2, 10.2, and 9.3
percent, respectively.

Figure 14 shows the resource expenditures
of book communication. The total expen-

Figure 13

Total S&T journal communication resource
expenditures by participants: (1960-1980)
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ditures attributable to S&T books Was S600
million in 1960 and $2.1 billion in 1974 with an
expected increase to $3.5 billion in 1980. More
than half of these are the user costs of reading,
with libraries at:counting for about another
third of the total. Publication costs decreased
slightly as a peicentage of the total over the
1960 to 1974 period and are projected to
continue declining to 1980. This reflects a
relative decrease in the significance of books
versus other forms of S&T literature. At the
same time, the cost of authorship is expectml to
rise, so that it will be nearly as large is
publication costs by 1980. As will be shown in
Section 3 with each of the literature forms, the

Figure 14

Total S&T book communiCation resource
expenditures by participants (1960-1980)

Cur ent Dollars (Billions)

4.0

3.5

3.0

2.5

2.0

1.5

1.0

Projec led --.

Scientist (User)."

1 library-*,r.. 4..0"
...to Publisherwielogo

. . ... `A.cien'tist (Author)

1960 '62 '64 '66 '88 '70 '72 '74 '76

Year

SOURCE: Ring Research, Inc., Center for Quantitative Sciences

'78 '8C



Figure 15

Total S&T report communication resource
expenditures by participants 11960-1980)
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costs anticipated to show the greatest in-
creases over the 1975 to 1980 period are those
which are directly related 'a scientists'
salaries as mentioned earlie. though. The
growth rate should lw levelir,g off over this
time period.

Report expenditures are shown in Figure 15.
These data are not as well defined and should
be treated accordingly. The report .expen-
ditures were about $22 million in 1960 and
$390 million in 1974. They are expected to
continue increasing up to $080 million in 1980.
In 1970 the author, library and user each
accounted for about one-third of the total
(:osts, with publishing representing only two

Figure 16

Total S&T other media communication resource
expenditures by participants (1960-1980)
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percent. The most significant change forecast
in these breakdowns is expected to be a
substantial increase in user expenditures, so
that these will make up about 44 percent of the
total by 1980. Total report expenditures are
projected to rise 86 percent between 1975 and
1980, the largest increase of the four literature
forms. This increase is apparently due to the
rapid growth in the volume of the literature
combined with the great proportion of user-
related costs which depend directly on scien-
tists' salaries. Note that these figures are
conservative estimates of the expenditures
associated with reports due to availability of
government distribution data only.

Figure 16 illustrates the expenditures of
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communication by means of "other" media,
primarily patents and dissertations. These
figures also include some expenditures for
library handling of audiovisuals, pamphlets,
and the like. The total expenditures at-
tributable to"other" media was S-140 million in
1960 and $43e millicn in 1974. They are

9 9

25

expected to continue increasing up to $770
million in 1980. The primary expenditure
associat9d with "other" media is for the

mposition and recording, and this is about
twice as large as the cost of composition and
recording for reports.



Chapter 3

Growth of Scientific and Technical

Literature in the United States
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Chapter 3

Growth of Scientific and Technical
Literature in the United States

The heart of scientific and technical (s&T)
communication is the formal literature. This
section deals with the growth of S&T books,
journals, reports, and other literature such as
conference proceedings, patents and doctoral
dissertations. Statistical indicators of trends
in the growth of each form of literature are
presented in number of items prepared;
number of copies reproduned and distributed;
cost of composition, recording, reproduction,
and distribution; and price of the literature. In
this section it is shown that book productivity
has increased substantially but that it is
unlikely to continue because of economic
constraints. Other.. forms of S&T literature
demonstrate a much healthier growth than
books. Each form of literature is discussed in
detail.

HIGHLIGHTS

The number of S&T book titles has shot
up from ahout 3,000 tit le,-; in 1960 to about
14,000 in 1974. Individu :I author produc-
tiveness during this time has increased
from one book published for every 343
scientists in 1960 to one book for every
137 scientists in 1974. However, there are
some very ominous signs in the S&T hook
publishing industry. The number of
copies sold per book title has dropped
more than half from 1960 to 1974 and,
even though prices have risen sharply, the
revenue per book title has also
plummeted. The number of copies sold
per scientist has remained almost cons-
tant over the years at approximately 6 to 8
copies even though the number of titles
has increased dramatically and the
average number of copies sold hits
dropped. Thus. number of hook copies

sold per scientist may be a variahle of
some stability in the industry, thefutt, one or more of the following
act are likely to be taken by
publishers: incwased prices, more careful
screening of book manuscripts, e, im-
plementation of processes which reduce
costs (particularly prerun costs).
Otherwise the S&T book publishing
industry may be in serious economic
di fficul ty.

The journal publishing picture is much
brighter than that observed for S&T
books. The number of journals published
has not increased dramatically since
1960. A steady growth of 2 percent per
year reflects number of scientists almost
perfectly (correlation (:oefficient r=0.99),
although individual author produc-
tiveness has declined from one scholarly
article published for 10.9 scientists in
1960 to one article per 13.1 scientists in
1974. The productivity varies substan-
tially among the fields of science with Life
Sciences having the most productive
individuals. Engineering the least
productive. The number of subscriptions
has increased on the average, although
some individual journals have experienc-
ed a depressing decline. The prices
(whether considered by t(ital subscrip-
tion, by article, or by kiloword page) have
increased somewhat even in constant
dollars. Trends in all thcse areas are
expected to continue through 1980 at
slightly diminished ra tes of growth.
While journals experiences an average
annual growth rate of 2 percent between
1960 and 1974, the growth rate for journal
articles was 2.6 percent. This slightly
higher growth rate fm. art icles is reflected
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in the number OF articles per journal
which was imaled to be 71 in 1960 and
77 in 1974.

The number of articles distributed by
subscription to institutions or in-
dividuals has increased when considered
as an average over number of scientists.
For example, the number of articles
distributed to individuals has increased
from about 210 in 1960 to about 280 in
-1974. Similarly, the number per scientist
distributed to institutions has increased
from 140 in 1960 to about 180 in 1974. In
both instances, the distribution is ex-

::ted to be level up to 1980.

Report literature, as measured by saleS at
the National Technical Information Serv-
ice (NTIS) and Government Printing
Office (GPO), has also experienced rapid
growth. The total copies sold at NTIS has
increased from 784,000 in 1966 to 2,356,-
1)00 in 1974. Much of the growth is
attributable to increased cuverage of the
government report literature. Further-
more, much of the growth has been
through microform rather than paper
copy. The microform sales per report have
increased 106 percent during this period,
while the paper sales per report have
decreased 58 percent. The average
number of copies sold al GPO has
increased 36 percent, In both agencies,
prices of reports have increased substan-
tially and they are expected to continue
this increase. The increase in price of
paper copy and other considerations are
likely to continue altering sales patterns
toward more microform copies. This may
have a great impact on the microform
industry and have a secondary effect on
other S&T media.

The number of conference proceedings.
U.S. patents and doctoral dissertations
have all increased substantially over the
years. Published conference proceedings
have increased 40 percent from 1965 to
1971. The number of U.S. patents issued
has increased about 60 percent from 1960
to 1974. The number of dissertations
published has more than tripled in this
same time period. The growth pattern of
all these forms of literature is forecast to
continue at a slightly dampened rate.

28

DISCUSSION

Growth of Scientific and Technical
Book Literature in the United States

The S&T book literature, although showing
healthy increases in number of books publish-
ed, does have some ominous indicators that are
discussed later. As shown in Figure 17, the
number of S&T book titles published in the
U.S. has increased substantially. The growth
was particularly pronounced in the early
1960's. From 1960 to 1964, the increase was 162
percent from 3,379 books to 8,871 books. Over
the next 5 years, the growth was only 8
percent. However, in 1970, the number of
books published continued again to grow
rapidly up to 14,442 in 1974. Thus, the total
increase from 1960 to 1974 was a substantial
327 percent, but with some lulls Id spurts,
The forecast over the next 6 years is for
continued growth but not as substantial as
during the two spurts represented in the early
1960's and 1970's.

As one might expect, the relationship of the
number of books published and the number of
scientists is very high. This relationship is

Figure 17

Total S&T book titles published (1960-1980)
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shown in Figure 18. The values used for 11w
number Of scientists in the relatim-iship shown
are number or scientists laggml 3 years prior to
the number of titles published. For exatnple,
scientists in 1968 perform work and write
hooks that are published in 1971 since it takes
roughly 3 years to publish a book after it is
begun. Thus, 1968 scientists are related to
1971 books in the figure. The high correlatior
of this relationship is demonstrated by value'-;
of the correlation coefficient, r=0.96.,
analyses were used for the number of scicn-
tists having (loch): 1 degrees (r-'=0.82) kind for
Federal funding obligations for research kind
development (R&D) (r2=0.79).

Figure 18
Total S&T book titles published as
a function of number scientists and engineers
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01 scientists. values are gi vim for coniireitive Fnirposes
evi.n tfiii.h iIi sinill nuolher observations for pii4.11

(1111.stion.ilde.

ThesI. wt.rt. also includi.d ;dying \vith othprs
ill stl!plyitif, multiple rpv,ri.ssum modp1 hut droprivil

due In high colinedrily diming 111(.. iridelwildent vdriabh.s.
This holds trot lor nviirly dll ri.gression
rtienlioned iii 1111. I1,III1(I! ut tlik

Forecast of the number of scientists is used
in the eg re ssion equation to estimate number
of Sta hooks published from 1975 to 1980 as
given in Figure 17. Based on this forecast
technique, the number of titles rhooId increase
at an average annual rate of 3.t percent from
1975 to 1980.

Data on book publishing were not available
for the nine fields of science defined by the
National Science Foundation. However, data
are available for 6 science classifications." In
each science classification, the number of book
titles was correlated with number of scien-
tists, number of scientists with doctoral
degrees incl Federal R&D obligations in the
corresponding NSF field of science. These
values were used to forecast the number of
book titles published which are shown in
Figure 19 for the 6 science classifications.
Sociology and Economics not only had the
largest number of books published in 1974
(6,640) but also showed a remarkabh 780
percent increase in books published from 1960
to 1974. Medicine also had a hirge increi.-:e in
number of books published from 520 in*19. 1 to
2,281 in 1974 which represents a 339 percent
rise.

The dramatic increase in number of books
published has been accompanied by an equally
startling decrease in estimated number of
copies sold per book title published. , This
decrease is shown in Figure 20 below.
The number of copies sold per title has
plummeted from 2,394 in 1960 to 789 in 1974. It
appears that there is a saturation point of the
number of copies that scientists will purchase
(or have purchase(l for them) which is depicted
by the estimated number of copies sold per
scientist in Figure 21. The number of copies
sold per scientist has remained relatively
constant over the years, ranging from a little
under 6 to 8 copies. The trend in numlwr of
book copies sold and, hence, revenue per title
is decreasing dramatically.

Financial success in book publishing is
particulady dependent on volume of sales
since initial fixed cost is quite high and must
be spread out over this volume of sales. Thus,
it would appear that the substantial (lecrease

' 1)efiriilions liii Ihisi science classifications III vivo
Volurni, 11: A Rvsviirch

' Nutt' bins riot bevii
conciTriirig pdpvi.hiick bol)ks hnve had on the

b(lok tiletrket.
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Figure 19

S&T book titles published by six classifications (19601980)
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Figure 20
Average number of copies sold
per book title (1960-1980)
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SOURCE, King Research, Inc., Center for Quantitative Sciences

in book copies sold per title must have a
devastating impact on publishers unless this
decrease is accrompanied by corresponding
increases in price. The average price per book
is given in current and constant dollars in
Figure 22. The average price in current dollars
increased from $8.50 in 1960 to $18.40 in 1974.
However, in constant dollars the increases
have not been quite so dramatic. The overall
increase in constant dollars from 1960 to 1974
was 31 percent.

Total S&T book receipts show a steady
increase from 1960 to 1974 and the receipts are
forecast to continue this trend. However,
receipts per book title, which result from the
reduced sales per book and increased price,
show a sharp decline (in constant dollars)
after 1969. The receipts per title are .L; ven in
current and constant dollars in Figure 23.
Since 1962, the receipts per book title in

Figure 21
Average nuinber of book copies sol
per scientist or engineer (1960-1980)
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constant dollars are in the $10,000 to $15,000
range and have a fairly flat trend over the
years. If the cost of producing books does not
also remain constant over the years, say, due
to reduced number of pages, use of paperback
covers or some other factor, the book
publishers must surely be hurt in terms of
reduced profits or even losses.

If the number of books published per
scientist remains too high, one of several
events may occur in the future. Fewer books
may be accepted by the publishers, action may
be taken to reduce costs (such as publishing by
paperback or reducing the size), or prices may
continue to increase. In the latter instance,
increased prices will have some impact on
demand as shown by the rough relationship
between price and demand in Figure 24.
There appears to be a discernable increase in
sales as the price decreases. However, the
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Figure 22
Average price per book (1960.1980)
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Figure 24
Price versus demand for SW books
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logarithmic relationship depicted in the figure
does not appear to be a particularly good one
because of the one outlier at 2400 copies sold.

Growth of the Scientific and Technical
Journal Literature in the United States

There are not complete data available for the
total number of S&T periodicals published in
the U.S. from 1960 to 1974. However, by
piecing together data from the Library of
Congress in the U.S. and the British Library
Lending Division, estimates are derived for the
growth of number of periodicals published in
the world and in the U.S. as shown in Figure
25.

The growth of the number of periodicals
published worldwide is substantially greater
than that observed for the U.S. The number of



. Year

sourttE'erltish Library Lending Division
Mfg Research, Inc., Center for Sluentflatiee Sciences . .

periodicals published worldwide increased
from 18,800 to 49,400 from 1960 to 1974 which
represents it 163 percent increase. However,
the number of U.S. periodicals increased only
from 6,300 in 1960 to 8,500 in 1974 which is
a mere 34 percent increase, or an average of
2.1 percent increase per year. According to
Price191 one should expect that scientihc
publishing in developing countries grows
rapidly and this growth dampens as countries
such as ft.! U.S. become more developed.

Many of the periodicals covered in the
numbers given above are trade journals and
other periodicals that are not considered to be
scholarly S&T literature. In 1974, Indiana
University. under a grant from NSF, identified
a core set of scholarly journals published in the
U.S.141 As part of this indicator study, a
sample of these journals was studied by us and
tracked hack to 1960 to establish their birth
rates. Another sample of scholarly journals
was drawn from journals published in 1960
and tracked forward to determine correspon-
ding death rates. From these processes, the
number of scholarly journals was estimated

from 1960 to 19745 to be as indicated in Figure
26 below.

The number of scholarly journals increased
from 1,490 in 1960 to 1945, in 1974 and is
forecast to continue steady growth to 2,140 in
1980. The growth in number of scholarly
journals from 1960 to 1974 was 30 percent and
the average annual rate of growth is estimated
to be 1.9 percent. Thus, the rate of growth of all
S&T periodicals and S&T scholarly journals is
about the same in the U.S. over the 1960 to
1974 period.

The estimated growth of number of journals
varies substantially among the nine fields of
science. These trends are shown in Figure 27.
Nearly all of the fields of science experienced
close to linear growth from 1960 to 1974. The
one outstanding exception to this trend is in
the field of engineering where the sample of
journals 'was observed to decrease substan-
tially in numbers from 1967 to 1971.

A better statistical indic tor of the growth of
the journal literature in the U.S. is the number

Figure
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From this point out, data apply only to scholarly
journals as (hip:lied hy the universe of scholarly journals
identified in the Indiana University study.
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Figure 2 7

N um ber of scholarly S&T journals published in the nine fields of science (1960-1980)
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of journal articles published which is dis-
played in Figure 28.
The total number of scholarly articles has
increased from 106,000 in 1960 to 151,000 in
1974 which is a 42 percent increase. The
numher of articles has increased at a slightly'
greater rate than number of journals since the
number of articles per journal was estimated
to be 71 in 1960 and increased to 77 in 1974.

The number of scholarly journal articles
published is highly correlated to the number of
scientists, which is depicted in Figure 29. The
number of scientists and engineers is lagged
one year to account for the delays in
publishing scholarly journal articles.
The simple regression equation shown in
Figure 29 was used to forecast numbef of'
scholarly articles published from 1975 to 1980.
The number of scholarly journal articles was
also related to other variables such as number
of scientists holding doctoral degrees (r2.=0.97),
and R&D funding lagged 3 years (r2=0.89).
Thus, all three variables are highly correlated
to number of articles puhlished in the U.S.

Even though there is very high correlation
between number of scholarly journal articles

Figure 28

Number of scholarly S&T
articles published (1960-1980)
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Figure 29

Number of scholarly S&T journal articles as
a function of scientists and engineers
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and numher of scientists, it is found that the
number of scholarly articles written per
scientist declined slightly, but steadily from
0.091 in 1960 to 0.076 in 1974. Viewed in
another way, there were 10.9 scientists per
scholarly article published in 1960 and 13.1
scientists per scholarly article published in
1974. This number is expected to remain about
the same up to 1980.

The variation of numbers of articles
published among fields of science is even
greater for scholarly articles than for scholarly
journals. This is due partially to differences in
the number of articles per journal among the
fields. The estimated total number of scholarly
articles published in the nine fields of science
from 1960 to 1980 is given in Figure 30,

The greatest increases in growth of scholar-
ly articles published from 1960 to 1974
occurred in the Environmental Sciences (241
percent for an average annual increase of' 9.2
percent). and the Computer Sciences (139
percent for an average annual increase of 6.4
percent). The average growth of all fields of
science is expected to he ii percent from 1975
to 1980. Mathematics is forecast to have a
decrease in growth of 2,2 percent over that
period of time. The remaining fields of science
are expected to continue growth with the
greatest growth expected in Environmental
Sciences (24 percent) and Engineering ((9
percen t ).

35
33



f 111

Number of scholarly journal articles published in nine fields of science (1960-1980)
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While there ppears to be potential (if not
(xisting) economic difficulties in book
publishing, journal publishing seems much
healthier even though there are trouble spots
throughout the industry. In Ow absence of
available published data, the number Of
journal subscriptions was estimated from a
nonrandom sample of 173 scholarly journals.
Estimates from these observations indicate a
steady increase in number of subscribers
overall. However, in some instances in-
dividual journals showed a decline. Th,
estimated number of foreign, domestic in-
dividual and domestic institutional subscrip-
tions are given in Figure 31. These estimates
indicate that the three forms of subscriptions
exhibit a nearly linear growth from 1960 to
1974. The total number of individual subscrip-
tions was estimated to be 3,500 in 1960 and
rising to 7,100 in 1974 which represents a 163
percent increase. institutional subscriptions

Figure 31

Number of scholarly S&T
journal subscriptions (1960-1980)

(Mi lions of Subscriptions)

20

15

10

5

0
1960 '62 '64 '66 '68 '70 '72 '74 '76

Year

SOURCE: King Research, Inc . Center tor Quantitative Sciences

Pr niecti,c1.-

sol
In,Aiturt,u,.11 ono 8.

ow 00 II. T
gm ie.

so 1
Foreuul

oo

'78 '80

hail i similar growth from 2,300 in '1960 to
4,600 in 1974. The relative proportion of
subscriptions from 1909 to '1973 were based on
the Indiana University study.

The trend in growth of subscriptions is
expected to continue since magnitude of both
individual and institutional subscriptions is a
function of the number of scientists. For
example, thy number of individual subscrip-
tions per scientist was 3.0 in 1960 and rose
slightly to 3.6 in 1974. The forecasts of number
of institutional subscriptions and total
domestic subscriptions are bused on high
correlation of number of subscriptions with
number of scientists. These relationships are
shown in Figures 32 and 33.

Another statistical indicator is the number
of scholarly articles distributed per scientist
by means of institutional and individual
subscriptions and by reprints from authors.
These estimates are exhibited in Figure 34.

There are about half again as many articles
distributed by individual subscriptions as by
institutional subscriptions. Distributing ar-

Figure 32
Number of institutional journal
subscriptions as a function of the number
of scientists and engineers
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Figure 33

Number of domestic Journal
subscriptions as a function of the number
of scientists and engineers
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ticles by reprints barely exists by comparison.
However. many of the articles 'that are
distributed, say, by individual subscription,
are not reinl by the subscriber. Therefore,
when considering 1151! Of articles a different
picture emerges.

A survey was made as part of this statistical
indicators study to determine relative use of
articles fur the purpose of citing in journal
articles:, The following percentages refer to
the source from which cited articles were
obtained.

individual subscriptions-27.2 percent ±
1.5 percent-

Insitutional subscriptions-47.4 percent
± 1.6 percent

Reprints-25.3 percent ± 1.4 peri.ent

A statistical indicator of relative efficiency
of these thmi modes of transferring scholarly
journal articles is the number of articles

Sffillt (:111.11 .11111:II'S %VITO 01)1,1111(4f :414011ri lr,triil froul

colleagiies svho initinlly obtained their copies hy
subscription. lihraries, II reprin! s.

/11Troxiinille 5.4:Imlay() ernir ,:chieveri h'on, salnI)le
!)43 responses. Resporise rate %vas 44 percent.
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Figure 34

Distribution ot journal articles to ,

scientist by indiv!dual and institutional
subscriptions and reprints (1960-1980)
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distributed by each means per article cited.
Results are as follows:

Individual subscriptions-2,240 articles
distributed per article cited

Institutional subscriptions-820 articles
distributed per article cited

Reprints-30 articles distributed per
article cited

Thus, reprints appear to be oust effective
means of distributing articles lo authors with
institutional subscriptions substantially more
effective than individual subscriptions.

The cost per article cited presents another
useful statistical indicator for comparing the
cost-effectiveness of the three modes of
distributing s&T journal articles. Total cost of
each distribution mode includes all costs such
as those incurred in reproduction, initial



distribution, ctillisitoui, stovage,
lion and control. identification and physical
access to articles. 'Fl1 ! total costs per article
cited I or Ilie three inoile.; I I iii stri
articles (HT as follovs:

Individual subscripi km-- S7.00 per arti-
cle cited

iIlStilllIillll.oi suliscriptions.$0.50 per
article cited

ReprintsS3.80 per article riled

Is also seem to be the most cost
effective mode ol dist rilialing articles %Olen
consiiiering total cost per article cited. In-
dividual subscriptions and institutional suh-
scriptions are remarkably close in this
measure or cost-effectiveness.

The subscription prices for journals were
estimated from the sample of S&T scholarly
journals. :\s slimyn ill Figures 35 and 30, these
prices have increased substantially ill 1n115-
tdrul dollars its %Yell as ill current dollars For
foreign, insi tuitional and indi'idual 5111)st:rip-

A 'li'ilge tor OW hi"! 151W5 (If SIll)-
51:1Thrll'S 10051 11 Auld till 511111 !Nice FI'0111 1960

to 1 1174. The individual prices rose. 28 1 percent
from $5.27 to $20.0/1. Vlihereas, illSitIItilIIili
prices increased 275 percent from S7.88 to
S29.57. 11rices too forei)2,11 subscribers increased
from S(i)1 to S2 1.90 for an increase of 204
percent. Therefore, CS'Orl till11l).411 tiiori is 0 price
differential ;inning the three types of subscrip-
tions. the rate of increase among them is about
the same.

The scholarly journal subscription
prices are )..,,iven for the nine fields of science ill
Figures 37 iind 38 for institutional subscl ip-
lion prices ;mil for individual subscription
prices. The highest prices tend to be vith the
Physical Sciences and Mathematics which
might be expected since publications ill these
t \vo fields of science require great amount of
special characters and tvIlich are
very expensive. (.111 the other hand, the prices
are Imv ill fields of science vIlich have
publications that commonlv have straight
text.

the number of articles per journal imd
the number of pages per article are changing
over time. lwrIliips a better indicator of price is
the price piy0 article and price per kilmvord
page. These tvo prices char)_!eil to individuals
are .iiven in Figures 39 and 40 in ciirren I and
cons km I dollars.

Figure 35

Average institutional, individual,
and foreign subscription prices in
current dollars (1960-1980)
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lioth the price per ;irticle and price per
kilovord page have remained relatively still&
ill coils 1.111 t dollars over the period from 191)2
to t97 I. These prices begin to rise up to 1974.
In the future, a decrease in price (in constant
dollars) is anticipated.

Growth of the Scientific and Technical
Report Literature in the United States

'HINT are wo principal sources of SikiiT
report literature produced under Federal
Government sponsorship. The first of these is
the Notional Technical information Service
(NTIS), vvhich serves a number of government
agencies in reproducing and distributing their
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Figure 36
Average institutional, individual,
and foreign subscription prices in
constant dollars (1960-1980)
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report literature. The secoml major source of
Federal Government sponsored report
literature is the U.S. Government Printing
Office (GPM Data weNe obtained from both
agencies back to 1955. The very large growth
of numlwr of items processed by MIS is
shown in Figure 4 I.-.
"rile number of reports processed by NTIS
increased from 14,000 in 1955 to 61,100 in
1975. Forecast of NTIS growth is made liv
simple time series analysis whicii shows ;,I
expected increase to 84.800 reports processed
in 1980. Mr:11 of the past growth in NTIS has
been due to expanded coverage so that this
trend in coverage must continue for the
forecast to hold. This growth in coverage is
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attributable to aggressive acquisition by
NTIS.

The GPO also reproduces and distributes
government sponsored research reports. They
process ,adistantially fewer reports than NTIS
bol their reports have wider distribution on
the ;iverane. A sample of approximately 40
S(viT reports" was drawn ..rom the Monthly
Cololog for each year from 1955 to 1974. From
this sample such information as price, subject
field, number ()I' liages and number of copies
distributed W Hs noted. Over nne-lialr of the
S&T (;PO reports are available at INTIS, s()
that the remainder are thmse reproduced and
distributed primarily by GPO. There has been
a substantial growth in SNIT reports submitted
to GPO over the period 1955 to 1974. This
growth is illustrated in Figure 42.
The growth wa,; from 750 in 1955 to 1,950 in
1974 which represented a (12 percent increase
or I 11 average of 11 percent per year. The
forecast from 1975 to 1980 shows an additional
growth of 24 percent.

The relationship between number of reports
input in one year and the number of copies sold
the following year5 is shown in Figure 43 for
NT1S. The relationship has a high correlation
(r'=0.95) and is used as a basis for forecasting
total copies.

Part of the sales of reports at NTIS is in
paper copy and part is in microform. The copy
sales for paper copy and microform is also
given in Figure 44. From 1966 to 1974 the
number of microform sales has increased by an
impressive 455 percent while the number of
paper copy sales has increased by only 51
percent. .The trends should continue with
microform sales expected to increase 36
percent from 1975 to 1980 and paper copy sales
are expected to increase somewhere ne,tr 31
percent during this time period.

Average prices at NTIS for paper copy and
microform are given in Figure 45 with linear
forecasts of their prices up to 1980.
Current dollar price increases for paper copy
and microform copy are 232 percent and 97
percent, respectively, from '1966 to 1974.
Constant dollar price increases were 123
percent find 25 percent respectively. The large

Only reports that were judgnd to be written by
scientists iou1 engineers for I heir peers were included.
Reports that were written for distribution to the general
public were not included.

Past perience hils shown that a large proportion of
the sides id reports occurs in the forst year (even though
sdles can actually occur as much its 5 yl'a I'S henc(.)



Figure 37

Institutional subscription price for nine fields of science (1962-1974)
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Figure 38

Average individual subscription price for nine fields of science (1962-1974)
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difference in price changes might partially
contribute to the discrepancy observed in
paper copy and microform sales over the
years. The average sales per report of paper
copy is roughly estimated by dividing number
of reports (lagged I year) into the number of
paper copies sold. The average number of
paper copies sold is plot ted against the
average price of paper copies in constant
dollars in Figure 46,
This graph shows a rough relationship with
average demand and price (in constant
(lollars). Obviously, price i s not the only factor
that has dampened paper copy sales at NTIS
but it must contribute hi this phenomenon.

The average number of copi 's sold per
report at GPO also increased from 1,210 in
1965 to 1,630 in 1974 which is an estimated 35
percent increase or about 3,4 percent per year.
These averages are plotted in Figure 47 below.

Figure 41-)

Average price per kiloword page
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The estimated average price per copy
remained relatively constant until 1973 when
the price increased somewhat. This increase is
reflected in both price per copy and price per
page. In 1973 and 1974 the price per page
nearly doubled over the previous 8 years. The
3 year moving average price is shown in Figure
48.
If 1973 and 1974 prices represent a policy
change, then the forecasts given may be low
and, therefore, the estimates of revenue may be
low as well, depending on the impact of
increased price on future demand. The overall
revenue to GPO from sales of S&T reports
increased by 521 percent since 1965 or an
average of 22 percent per year.

In summary, it appears that reproduction
and distribution of S&T report literature, as
represented by NTIS and GPO, are growing
substantially and should continue to do so

4 3
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, Figure 41
Number of SI IX reports
processed by NTIS (1965-1980)
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over the next 5 years. One of the most
significant phenomenon is the large increase in
microform sales at NTIS accompanied by
rather stagnant paper copy sales. Even though
overall volume seems to have decreased at
GPO over the past 10 years, the volume of S&T
report li terature has made healthy advances.

Growth of Other Forms of
Scientific and Technical Literature
in the United States

A form of communication that is particular-
ly important in S&T is the conference and an
important form of literature publication is the
proceedings of such conferences. Some figures
on the growth of published conference
proceedings in S&T are given in Figure 49.
These figures cannot be taken as truly ac-
curate indicators of the number of conference
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proceedings published each year on a
worldwide basis since they represent the
number of proceedings published for con-
ferences held each year as identified by the
staff of the Directory of Published Proceedings
as of January, 1975. The publishers are
continuing to find additional proceedings for
various years of this period (in fact, the
published proceedings may appear some years
after the conference was held). The figures for
the earlier years are relatively stable whereas
the figures for the later years (1971 to 1973) are
undoubtedly incomplete at present. The
figures do reveal a steady increase from 1,726
in 1965 to 2,419 in 1971, which presumably
reflects a growth in the number of conferences
held internationally, as well as the number of
pubiished proce ,. clings available. These
figures, although they do indicate growth rate
in a crude sense, are known to be very low. The
British publication Index of Conference
Proceedings Received by NLL is growing at the
rate of about 7,000 items a year. However, this
figure also includes publications from fields
other than science and terhnology.

The growth of the U.S. patent literature, in
the period 1960 to 1974 is indicated in Figure
50.



Figure 43
Number of copies sold of NTIS reports
as function of number of reports
(Lagged one year)
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In 1960 the number of patent applications
was 84,500. In 1974 this number was 108,000
which was 28 percent greater than the number
applied for in 1960. The number of patents
issued in 1974 was about 80,000 which was
approximately 60 percent greater than the
50,000 issued in 1960; Thus, the patent
literature of the U.S. seems now to be growing
at approximately an average annual rate of
about 3.4 percent per year.

The growth of the dissertation literature is
reflected in data presented in Figure 51.

The number of doctoral degrees awarded in
the U.S. from the years 1960 to 1974 has more
than tripled. In the same period the number of

Paper
sates

Tho

72 :74

SOURCE Natirnial Tectmical.infoiniation Se;alcet1§65.19751 :

King Research; Int.; Center fir Quantitative gaiencea(197S.1980).

doctoral degrees awarded in science and
engineering increased 150 percent from 3,802
to 9,490, an average annual rate of growth of
about 6.8 percent, but has dampened con-
siderably the last 5 years. During this time the
number of science dissertations published
went from 3,387 to 15,606. Since, in science
and engineering (as opposed to the fine arts)
the number of degrees awarded should be
directly equivalent to the number of disser-
tations accepted, it is assumed that the U.S.
dissertation literature should increase at
about 2 percent a year on the average over the
next 5 years since that is Om rate of increase
forecast for doctoral degrees in science and
engineering.

4 5
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Comparison of Growth Among
the Forms of Literature

The overall health of S&T communication is
partially determined by the relative strength
of the literature forms. Relative growth of the
literature forms is given below.

Figure 52 shows that all forms of S&T
literature exhibit a steady growth over the
period of 1960 through 1974 and there is every
indication that this growth will continue
through 1980. The estimated number of S&T
scholarly journals increased from 1,490 in
1960 to 1950, in 1974 which represents a 30
percent increase or an average annual increase
of 1.9 percent. The number of scholarly
journals is expected to increase to 2,140 in
1980. The number or scholarly journal articles
published went from about T08,000 in 1960 to
151,000 in 1974, an increase of about 42
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Figure

Price per page tor scientific ,

and technical reports published
, by Government Printing Office (1965-1974)
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Numberof U.S. patent applications
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(Number in Thousands)

150

125

100

75

25

0
1960 '62 '64 '66 '68 '70 '72 '74 '76 . '78

Year

SOURCE Statistical Abstract of The United States 11960-741
King Research, Inc., Center for Quantitative Sciences (1975-19801

'80

percent. The average annual increase is 2.6
percent. When j,ournal publishing is con-
sidered in terms of articles, the volume is
considerably greater than the other forms of
S&T literature.

Number of books written, on the other hand,
experienced far greater relative growth than
the journal literature in that there were 3,379
book titles published in 1960 and this number
swelled to 14,442 in 1974 which is an increase
of 327 percent. The average annual rate of
increase has been '10.9 percent but this rate is
expected to dampen considerably in the future
because of the unfavorable economic picture
for book publishing which is illustrated by the
next two indicators (publication and price).

The dissertation literature increased from
3,400 in 1960 to 15,600 in 1974, which is an
increase of 361 percent. This represents an
average annual increase of 11.5 percent. The
future growth which is dependent on number

4 7
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of doctoral degrees granted should level to
about 18,000 in 1980. This growth is nearly
parallel to the number of books written. The
number of patents issued has increased about
60 percent from about 50,000 in 1960 to 80,000
in 1974. The average annual increase is 3.4
percent. This general trend should continue
through 1980.

The number of items written per scientist is
displayed in Figure 53. The number of journals
publislied per scientist has remained stable,
but slightly decreasing over the years. The
number of journals published per scientist
was .00129 in 1960 and .00099 in. 1974, an
average annual decrease of 1.9 percent. This
trend is expected to continue up in 1980. There
was a rapid increase in average number of
books written from .00292 books written per
scientist in 1960 to .00732 in 1974, it which
time it levelled out. The average annual
increase is 6.8 between 1960 kind 1974. A
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Figure 52

Growth of U.S. scientific and technical
literature forms (1960-1980)
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similar growth is observed in dissertations
which reflects the number of doctoral degrees
awarded over this span of time. The average
annual rate of growth for dissertations written
per scientist between 1960 and 1974 was 7.4
percent. The annual growth rate for reports
between 1966 and 1974 was 8.3 percent. The
patent literature produced by scientists has
fluctuated somewhat over the years but there
is no indication of a general trend either up or
down in the past or in the future.

Gross estimates of the cost of writing S&T
literature are presented in Figure 54 in current
dollars. The average annual rate of increase in
costs between 1960 and 1974 for journals,
books, dissertations, and patents is 13.9, 16.4,
17.2 and 6.9 percent, respectively. The average
annual rate of growth is 23.3 percent for
reports between 1965 and 1974..Reports are
increasing at a more rapid rate than the other
forms of S&T literature.

The number of copies sold per literature item
is given in Figure 55. The average number of
journal subscriptions increased steadily from
3,900 domestic subscribers per journal in 1960
to 6,000 subscribers in 1974, representing an
average annual growth rate of 3.2 percent.
This trend is expected to continue at a
dampened pace through 1980. Books, on tbe
other hand, experienced an average annual
decrease of 7.6 percent in number of copies
sold per book from 1960 to 1974. There was a
particularly large drop in the early 1960s with
the trend continuing downward after that
time. In 1960 the number of copies per title sold
was 2,400 and this number is down to less than
800 in 1974. The trend in number of copies per
report sold has remained relatively flat,
although there is a fairly large fluctuation over
the years from about 80 to 110. There is no
evidence that general trends might change
over the next 5 years for any of the three forms
of literature.

The number of copies sold per scientist
is given in Figure 56. The number of journal
subscriptions per scientist has remained
relatively constant, with an average annual
rate of growth of only 1.3 percent between
1960 and 1974, and is anticipated to remain in
the range of 5 to 7 subscriptions per scientist
up through 1980. The nurnber of copies of
books per scientist has remained between
about 6 and 8 in the past but may decline in the
future. The average number of copies of

4 9

Figure 53
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Figure 54

S&T communication resource expenditures
for composition and recording,
by medium (1960-1980)
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Figure 55

Number of copies sold per item,
by medium (1960-1980)
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reports has increased substantially with an
average growth rate of 11.5 between 1966 and
1974.

The flat trends of the journal and book forms
of literature suggest that there may be an
acceptable amount of literature that in-
dividual scientists will purchase regardless of
the quantity available to them. This appears to
be particularly well illustrated by the fact that
the number of books written has increased
dramatically but the number of copies
purchased per scientist has remained ne.,:ly
level. Since many of the purchases of literature
are by libraries, it is expected that future
increases in inter-library loaning will have an
impact on future number of subscriptions and
copies distributed. Increased costs and prices
illustrated below will also influence this trend.

The total cost of publication (reproduction
and distribution) of S&T literature is given in
Figure 57. Journal expenditures grew from S89
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Figure 57
S&T communication resource expenditures
for reproduction and distribution,
by medium (1960-1980)
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million in NO to S720 million in 1974, books
rose from $66 million to $200 million and
reports increased from $700 thousand in 1963
to 512.4 millMn in 1974. The average annual
rate of increase for journals, books, and
reperts in this time period was 16.2 7 rrcvn
8.3 percent and 30 percent, rc.-H. +Ivy;
Report ex pendi tums appear to gr,: :2, nt a

much fasler rale than hook and journal
expenditures, but are forecast to level out alter
1974. at an average annual growth rate of '12
percent.

Figure 58

Price per copy by medium,
in current dollars (1960-1980)
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Price of journals, books and reports is given
in current and constant dollars in Figures 58
and 59 respectively. There is not a dramatic
difference in the general trend of prices
(particularly sin(:e 1962) bet ween the journal
and book forms of literature. In current
dollars. journal subscription prices increased
from S5.30 in 1960 to $20.00 in 1974 and books
increased from S8.50 to S18.40. Data were not
available For reports prior to 1966. From 1966
to 1974, when data were available for all forms
of literature, the prices in constant dollars rose
39, 14, and 123 percent respectively for
journals, books and reports. This represents
an average growth rate of 4.2 percent for
journals, 1.7 percent for books, and 10.5
percent for reports. hirecast for all three forms
of literature is for price to decrease slightly in
constant dollars over the next 5 years.

Figure 59

Price per copy by medium
in constant dollars (1960-1980)
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Chapter 4

Growth of Scientific and Technical
Library and Secondary Service
Activities in the United States

Since scientific and technical (S&T)
literature is usually not used at the time it is
published and distributed, libraries and
secondary services play an important part in
transfer of information. The growth of these
enterprises is, therefore, an important in-
dicator in S&T communication. This section
discusses the role of libraries and abstracting
and indexing (A&I) services in the acquisition,
storage, or,ganizdtion and control. identifica-
tion, location and accessing of S&T literature.
ApplicAle data in these areas are. unfor-
tunately, scarce. but some trends can be
identified. It is shown that technological
development, particularly in the computer
area, have begun to result in change in the
operations of libraries dnd secondary services
and can be expected to have a significant
impact in the future.

HIGHLIGHTS

Scientific kind technical library expen-
ditures im reused dramatically between
1960 and 1974. Material expenditures
increased 254 percent in constant dollars
and other expenditures, again in constant
dollars, increased 193 percent. Growth,
however, peaked around 1972 and cons-
tant dollar expenditures are not projected
to increase further in the period to 1980.
Expenditures per scientist should like-
wise remain constant over the near
future. The combination of these factors
with continued increases in the cost and
volume of scientific nuiterials will require
adaptive measUres on the part of

libraries. Such measures already involve
increased use of new technology and
various networking arFangements.

The total number of items processed by
U.S. members and affiliates of the
National Federation of Abstracting and
Indexing Services (NFAIS) increased 145
percent between 1960 and 1974 and is
projected to increase an additional 33
percent by 1980. This reflects both
increased production of world literature
as well as increased coverage by the A&I
services. The accessibility of A&I
products has been increased substantial-
ly by expanded use of computer search
systems for bibliographic data bases.

Both libraries and secondary services
phiy important roles in the identification
and accessing of the S&T literature. In an
author's survey conducted as part of this
study, libraries kind A&I services ac-
counted for over 20 percent of the article
identifications made. Nearly half of all
articles used were from library subscrip-
tion copies.

DISCUSSION

Several of the functions included in S&T
communical ion involve intermediaries
between authors and users of literature. Chief
among these intermediaries are libraries and
secondary services.

Libraries pc:quire and store published
materials. organize them forwse, and facilitate
their availability. Their collections cover the

5
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Nmge of S&T literature, and are organized so
that materials can he retrieved by a wide
community of users. A unique function of
libraries is their role as a perimment archive of
scientific achievement. Several types of
lihraries contrihute to the communication of
scientific and technical information, (STI),
including academic, public and special
libraries. Overlapping these classifications,
resrch .ind Federal libraries often serve as
s ources of STI.

Secondary services provide access to the
lih!rature through such means as A&I
publications; machine-readable hibliographic
data bases; national and other bibliographies;
and review publications. Among the secon-
dary literature sources, A&I services play an
important role in providing the intellectual
access aml orgimization of the scientific
literature which allows it to be accessed
effectively by scientists and engineers engag-
ed in reswirch activities. While concentrating
primarily on the journal literature, A&I
services treat all literature to some extent, and
provide scientists with current awareness of
materials relevant to their fields of interest as
well as guides for retrospective search of the
world's literature. The products of A&I serv-
ices incliule both printed indexes and
machine-readahle bibliographic data hases.

As mentioned, libraries irt! usually
classified as academic. public or special
according to the primary clientele they serve.
In general, acadiu»ic and special libraries play
a more significant role in the dissemination of'
ST1 than do public libraries. Two groups of
libraries vhich fit into more than one of the
three classifications and serve as important
sources of STI are research libraries and
Federal lihraries,

Reseamh libraries, as represented by the
membership of the Association of Research
Libraries (ARI.) in the discussions which
follow, build and maintain extensive collec-
tions of research literature. They preserve the
record of the achievenwnts of S&T as reflected
in the puhlislwd literature. It is these lihraries
that assume the major responsihility for
ensuring that research materials are available
to scientists and other scholars when they are
needed. The Federal libraries include a number
of specialized libraries. Of the 2,313 Federal
lilmiries identified in 1972, 43 percent were
classified os special or technical. Among these
were the three national libraries including the
Library of Congress, the National Library of
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Medicine, iind the National Agricultural
Library. Each of these libraries provides
extensive informational services to both
individual scientists and to other libraries.

Closely related to libraries, information
centers also play a role in the S&T communica-
tion process. Like special libraries, informa-
tion centers are characterized by limited
subject areas. In addition, the term informa-
tion center implies a greater depth of analysis
and control and frequently more advanced
services such as evaluation and synthesis of
material, Information centers may also include
raw data among the materials held.

Unfortunately, there is little information
that expresses library resources in terms of
STI services and products. Trends are given
below, in the absence of STI data, for number
of libraries, total library expenditures, and
material expenditures. These data are given
for academic libraries, special libraries, public
libraries, Federal S&T libraries, and a sample
of 58 ARL. Trends in the number of libraries
are displayed in Figure 60, As shown, the total
number of libraries has increased 30 percent in
the last 10-year period, from 14,000 in 1964 to
over 18,000 in 1974. Within this period, the
number of academic libraries and public
libraries has increased 24 percent each, and
special libraries 40 percent. In 1974, public
libraries made up about 44 percent of the total
population, special libraries 41 percent, and
actidemic libraries 15 percent.

Tlw number of academic ARL libraries has
increased from 74 in 1964 to 82 in 1974, an 11
percent increase,' Growth in Federal S&T
libraries has been significant, with the numher
of such libraries almost doubling between
1965 and 1972. In 1972, there were 995 Federal
S&T libraries.

Total expenditures for S&T library ac-
tivities is computed hy estimating the propor-
tion of total expenditures which are devoted to
science and technology. The principal factors
affecting these costs are the percentages of
SWF material expenditures aml S&T service
expenditures (circulation, reference, inter-
library loan). Precise data are not available for
all libraries but information from several
individual libraries suggests that ibout 50
percent of the academic library expenditures

ARI, membership jlsii Melmhis ii number fllfll-
universilv libriiries. In 1975, Own!
invinbvt.s.;ttICI I I others itir iffial of 99.



:Figure 60
Nu Mber of U.S. academic, special
and public libraries (1960-1974)
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and 'it percent of the public library expen-
diturL. ;Ire devoted to science and technology.
Federal S&T library expenditures are included
entirely in the estimates below. Expenditures
for non-Federal special libraries are not
known so that these expenditures are not
included. The total expenditures are computed
by applying the estimated proportions and
summing the resultant academic, public, and
Federal S&T library expenditures. Figures 61
and 62 show total S&T library expenditures
through 1980 in current and constant dollars.
In 1974, total expenditures were over $700
million. In constant dollars, expenditures for
each library type and for all STI library
activity appear to have peaked in the 1972-
1973 period and to continue on a level trend
through 1980.

One statistical indicator of library expen-
ditures in S&T is the library expenditures per

Figure 61

U.S. S&T library expenditures in
current dollars (1960-1980)
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scientist (including science and engineering
graduate students). Results of this computa-
tion are given in constant dollars in Figure 63.
The average expenditure per scientist in
constant dollars rose from $110 in 1960 to a
peak of $175 in 1972 and then decreased to
$164 in 1974. The expenditure (in constant
dollars) per scientist is expected to remain at
about the 1974 level through 1980.

Library material expenditures showed a
large increase from 1960 to 1974. These
expenditures for S&T activities were es-
timated in the same manner as total expen-
ditures, again omitting non-Federal special
libraries because of lack of data. Results are
shown in Figures 64 and 65 in current and
constant dollars. In constant dollars, the
estimated S&T material expenditures in-
creased over 250 percent between 1960 and
1974, going from $41 million to $145 million.
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Figure 62
U.S. S&T library expenditures in
constant dollars (19601980)
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This increase also represented a slight rise in
the proportion of total expenditures spent on
materials.

Increases in material expenditures were
greatest for the academic libraries, where, in
constant dollar terms, they amounted to 279
percent between 1960 and 1974. This could be
a response to increases in the number of
scientists served. the volume of available
materials, and the price of available materials.
In terms of the actual number of volumes
added, academic libraries acquired 9.4 million
volumes in 1960 and 25.0 million in 1974, a 166
percent increase. Growth was greatest prior to
1970. The acquisition role in ARL libraries has
followed a similar pattern.

Subtracting library material expenditures
from total expenditures, a figure is derived
which can be identified as service costs. These
costs, which primarily reflect salaries, are
shown in Figure 66 in current and constant
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dollars. An equal distribution issumed in
apportioning these costs to the three functions
with which libraries are involved (acquisition
and storage, organization and control, and
identification and access). Thus one-third of
library service costs are attributed to the
purchase and maintenance of a collection, the
creation of catalogs and other identification
aids as well as provision of reference, circula-
tion, and other services.

Abstracting and indexing services play a
role in organization and control of the
literature and also in its identification and
accessing by the user. As with libraries, data
on the S&T components of A&I services, are
scarce. The best source of available data is
NFA1S.

The NFA1S has estimated that there were
approximately 2,100 A&I services worldwide
in 1974. These range considerably in size.
NFA1S itself includes a number of the largest
noncommercial A&I services, and had a total
of 29 members in 1974 which includes 28 U.S.
and one foreign affiliate. These organizations
make up a substantial portion of U.S. A&I
operations.



Statistics On the ninnber of items processed
by NFAIS members are displayed in
Figure 67. Growt h was from 588,000 items
processed in 1960 to) 1.4 million items process-
ed in 1974, an increase of 145 percent. These
figures include overlap, that is, duplicate
coverage of a single item by two or more
organizations. In addition, the amount of
overlap can vary from year to year. For these
reasons, the number of items processed cannot
be considered representative of the size of the
literature.

Another indicator of the volume of abstrac-
ting and indexing in the U.S. is the number of
citations included in the data bases provided
by two major comnlercial search services
(Lockheed's DIALOG and the SDC Search
Service).

Figure 64

U.S. S&T library material expenditures
in current dollars (1960-1980)
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These organizations provide on-line com-
puter access to the world's principal data
bases, and their coverage and usage have
increase(I rapidly in recent years. Currently
(1976), the two systems include a total of 46
data bases containing over 13 million
citations. These data bases are increasing at an
annual rate of over 3 million citations per year.

Estimated costs incurred by the A&I serv-
ices in treating the S&T literature are shown in
Figure 68 and 69 in current and constant
dollars respectively. Also shown are library
costs associated with organization and control
of the literature, as derived previously.
Together these two costs make up the total
estimated cost of the organization and control
function.
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Figure 65
U.S. S&T library material expenditures
in constant dollars (1960-1980)
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Both libraries and secondary services play
important roles in the identification and
accessing functions. Abstracting and indexing
publications, bibliographic data bases, and
library catalogs all describe the S&T literature
in such a way as to facilitate the identification
of relevant material by a potential user.
Libraries serve as a major storehouse of, and
thus, access point to literature collections.

The author survey part of this study
provides information about the ways in which
scientists identified and gained access to
articles which they cited. These data, reflec-
ting both the use of libraries and secondary
services and other methods, are presented as a
part of the discussion of scientists' informa-
tion activities in Chapter 5,

The use of A&I services, including abstrac-
ting publications and retrospective and
current awareness searches of machine-
readable bibliographic data bases, accounted

Figure 66
U:S;SILT library service expenditures (1960-1980)
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for about 18 percent of the total uses reported
by survey respondents. This percent va0ed
significantly among scientific fields, the most
substantial being in the Physical Sciences and
Engineering. The smallest percentages were
observed in Mathematics and the Environ-
mental Sciences.

From the survey, the use of A&I services
appeared to be declining slightly in relation to
other identification methods. Other sources,
however, suggest that the use of computerized
literature searches, particularly via on-line
systems, is expanding rapidly. These, then,
should play an important role in identification
in the future.

Figure 70 is a graph showing an estimate of
the number of interactive bibliographic
searches made in the U.S. The increase
between 1971 and 1974 as shown is nearly 160
percent and even more rapid growth is
anticipated in the future. Other sources
suggest the growth in the use of commercial
services may be as much as 50 to 100 percent
each year.

Direct identification of journal articles
through library subscriptions was.reported in

Figure 67
Number Of itemS,Prodessed by- LI.S: National
Federation Cf AbstraCting And Indexing
Services members (1960-1980)
(Number in Thousam1a)
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the author survey as making up about 18
percent of the total direct identifications
(Figure 73). Again, the percentage varies
among the fields of science, with the scientists
in the Social Sciences, Computer Science and
Engineering utilizing library subscriptions
heavily (69 and 41 percent of all direct identi-
fica t ions respectively) and those in
Mathematics and the Physical Sciences mak-
ing less use of library subscriptions (14 and 21
percent of all direct identifications
respectively.)

Access sources considered in the author
survey included authors, colleagues, journal
publishers, and libraries. A substantial
proportion of all accesses, nearly half, were
made through library subscription copies.
(See Figure 76). In 1974, this also represented
about SO percent of all accesses through
subscriptions. Comparing this with the per-
cent of journal subscriptions which go to

Figure 68

Estimated cost of organization dnd
control the S&T literature
in current dollars (1960-1980)
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libraries (40 percent in 1974), apparently
proportionately more use is made of library
subscription copies than individual subscrip-
tion copies, as one might expect. Libraries are
used particularly heavily for access to the
older literature.

Access through library subscription copies
may include both use of a journal actually held
by the scientists' primary library, or the
acquisition of the article from another library
by interlibrary loan (ILL). The volume of ILL
throughout the U.S. is substantial, and the
development of the ILL system has been
fostered by recent developments in library
cooperation and networking. A 1972 estimate
of the total number of ILL made (both
periodicals andmther materials) was slightly
over four million transactious, and observa-
tiun of current trends in individual libraries
and library systems suggests that this figure
will have doubled by 1980.

(10

Figure 69

Estimated cost of:organization and
control of the S&Tlittrature
in constant dollar.; (196071980)
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Figure 70

Growth of interactive bibliographic searching
in the U.S. (1966-1975)
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Chapter 5

Growth in the Information Activities
of Scientists and Engineers

As indicated previously, scientists and
engineers make the greatest contribution to
resources expende(l in scientific and technical
(S&T) communication. Therefore, indicators
concerning their numbers and their contribu-
tion to communication resource expenditures
are essential for understanding trends in
communication indicators.

This section discusses the activities sur-
rounding the preparation and recording of
scientific and technical information (STI), and
also the activities associated with identifica-
tion of and access to information transmitted
through formal journal channels. Data based
on citation analysis are also presented which
indirectly measures the asshnilation and use
of information presented through these
channels. Soumes drawn upon are an author
survey and other research relevant to
statistical indicators of information transfer.

HIGHLIGHTS

Costs associated with scientists and
engineers are the hirgest contribution by
all participants to total communicatMn
resource expenditures. These costs in-
clude composition. recording, and
assimdation of informat ion, tvhich collec-
tively amounted to S1.3 billion in 1900
and S5.4 billion in 1974. This reflects an
average annual growth rate in costs of
10.6 percent. Composition and recording
costs increased from S340 million in I 900
to Sl.B billion in 1974, an average annual
increase of 12.9 pement, The growth rate
for assimilation was slightly lower at 9.7
percent, ranging from S980 million in
1900 to $3.6 billion in 1974. In all, costs
associated with scientists and engineers'
activities accounted for 05.5 percent of

total communication resource expen-
ditures in 1960 and 63.7 percent in 1974.

A significant component of the overall
transfer of STI is the total resource
devoted to the use, or assimilation of the
published literature. By estimating this
by the amount of time spent reading the
literature, journals were found to account
for the largest proportion of resources
devoted to assimilation or use of the
literature. The total cost of labor time
devoted to reading literature is estimated
at $4.0 billion in 1975 and is projected to
rise 59 percent between 1975 and 1980.

Scientists and engineers generally rely
more upon examination of journal sub-
scription issues or use of references listed
in other articles, books, or reports, than
upon formal indexing or abstracting tools
for initially identifying journal articles
which they cite in their own articles.
Significant differences appear to exist
among fields of science in methods used
by authors to identify their cited articles.

Journal articles used for citation were
obtained most frequently through
libraries (50.8 percent), with personal
journal subscriptions (20.6 percent),
reprints (16.1 percent) and colleagues
(12.5 Dement 1. following in that order.

DISCUSSION

In the information transfer spiral, scientists
and engineers initiate activity by authorship
adocuments.'rhey also serve as the recipients
and users of published materials, after
publishers and libraries have played their
roles, 1.1se of tlw literature in turn leads to
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further research Hod generation of informa-
tion, and again 1,, authorship.

There were 1.2 ['lith(!) scientits and
engineers in the I 1.S. in 19(in and 2.0 million in
1)75; an overall increase of 75 percent or an
average annual increase of 3.8 percent over
this period. (;rowth is expelled to continue at
almut 2.7 percent per 111 19/30. These data
are based on an analysis of secondary sources
generated by the National Science Foundation,
tiii t I.S. Department of Labor, and the H.S.
Census Ihurean. Included are scientists and
engineers in each of the nine NSF fields of
sciencePhysical Sciences, IVIathematics,
Computer Science and Engineering, Environ-
mental Sciences, Engineering, Lire Sciences,
Psychology, Social Sciences, and Other
Sciences.

In 1960 there were 406,000 research and
developMent (R&D) scientists in the 1.5., and
in Ic17.1 there were (12:4.000; an overall growth
of 5:4 percent or dll average annual increase ()I'
3. I percent. (;rowth is only expected ID

1:f i1111i! piist this point, at 111 average annual
increase of I percent. R&D scientists as 11

1) ert:1,111 a laid scientists employed peaked
hetween I9(14 and 1)67 al almost :18 percent.
Decreitsim.), percentages were then observed
through i974. and are expected to continue to
decretise thr(:ugh I980. However, these
proportnals. its reported by NSF. are based on
-natural" scientists and engineers (thus ex-
cluding so);ial scientists al least) and full-time
equivalenk. in addition, State and local
government R&D employment is not included.
Whether or not the decrease would remain
with these factors represented, remains un-
ans

As shown preiously. OW
tits and engineers iiccount for a major

portion, ;Wool 65 percent, of total S8iT
communication resource expenditures. In-
cluded in these expenditures are the costs of
authorship and of assimilation and use of the
literature. Available (hda on each of thr
areas are discussed in t he wmainibT of this
chapter as are data on the methods used by
scientists in identifying and accessing the
literature.

'Hien! is little information in the literature
concerning the processes involved in composi-
tion and recording of information. Some data.
how evel . i111 prm; 111111 1)1' a St W iy per-

Fur thp Science Founditlinn
concerning the journal literature. This study
provides some evidence concerning the ac-
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tivities involved in preparing journal articles,
the labor time required in these activities, and
hence, the costs involved. The composition
and recording functions are extremely impor-
tant to the journal system since quality of
articles is largely established in these func-
tions. Furthermore, the costs involved in these
processes are large and likely to exceed the
costs involved in reproduction and initial
distribution of articles.

Based on the study above, one can estimate
the cost of composition and recording f or the
journal literature. This includes those ac-
tivities performed by authors and their sup-
port staff, reviewers and editors. Making some
gross assumptions, similar es timates are made
of the cost of composition and recording of
books. reports, dissertations, and patents. The
combined results of these calculations are
sh(Iwn in Figure 71. As shown, composition
and recording costs increased substantially in

Figure 71

Cost of composition and recording
in current and consta nt dollars (1960-1980)
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the 1960 to 1974 period, going from over $300
million in 1960 to over $1.84 billion in 1974. In
constant dollar terms, this is an overali
increase of 232 percent, equivalent to an
average annual increase of about 8.9 percent.
Costs are expected to continue increasing at
about this saw, rate over the next 5 years. The
reasons these costs have gone up so much and
will continue to do so is that they reflect
increases both in the number of items produc-
ed and in salaries.

A survey of journal article authors was
conducted as part of this study. Of particular
interest are the responses authors gave con-
cerning other journal articles which they cited
in their own articles. Author responses on (1)
how they became aware of articles, and (2)
how they obtained physical 0,ccess to these
articles, should be useful as statistical in-
dicators of the use of the formal S&T journal
literature.

Authors of journal articles published
between 1968 and 1975 were contacted by
mail. Because of probable recall problems
associated with older articles, only articles
published in 1973. 1974. and 1975 are included.
The sample size for this study was 2,173
authors and the number of used responses was
956. Thus, the response rate was 44 percent.

Methods of identification of the journal
literature call be classified ifs direct or
indirect. Indirect identification implies that
the user first learned of an article through a
formal or informal reference to it, such as an
abstract in a Selective Dissemination of
Information (501) service. Direct identifica-
dim comes, not through a reference, but from
direct contact with the actual article such as
with one's journal subscription or i S when
relevant article is discovered serendipitously
while browsing in the library. Figure 72 shows
the total number of journal articles identified
by direct and indirect methods for 1973. 1974,
and 1975.

Subdividing the methmls of article iden-
tification further, Figures 73 and 74 show,
respectively, the major direct anti indirect
activities. Direct identification methods dis-
played in Figure 74 include individual sub-
scriptions, library subscriptions and reprints
and preprints. Direct identification accounted
for about 40 percent of all journal article
identifications overall. Within this 40 percent,
individual subscription copies werc most
often mentioned as the method of il(:(:(!s:- used.

Figure 72
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Indirect identification procedures include
reference to an article by a colleague or co-
worker; reference made by another article,
book, or report; use of printed indexes or
catalogs: use of a computerized literature
search: and use of a current awareness or SDI
system. Since the last three methods were
employed infrequently, they are grouped
together in Figure 74,

As shown, a reference in an article, book, or
report was the indirect identification method
mentioned most frequently by journal article
authors. References by colleagues also played
a significant role. A slight decrease in the use
of abstracts and indexes was observed. This
result represents mostly the use of printed
indexes and catalogs, with a small number of
SDI searches made over the years and a small
but increasing number of computerized
i tera t u me searches.
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Figure 73

Percent of total article identifications
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Considering ni,1 hit& access to the
literature, one c. agu:sh both between
the various solo Les of accesslibrary,
publisher, author, and colleagueand also
between subscription and nonsubscription
forms of access. The breakdown among
sources of access is shown in Figure 76.
Libraries are consistently the most often used
acCess source. Access directly from authors
(i.e.. through author reprints or preprints) and

Hgure 75 displays aggregated 1973, 1974,
and 1975 author survey data by field of
science. There appear to be significant
differences among the various fields of science
in the vity cited articles are identified. Social
Sciences show the greatest disparity between
use of subscriptions (say, by browsing
through one's own or a library's copy) and
identification through receiving a reprint or
preprint or through other sources. Physical
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Sciences, Mathematics, Life Sciences, and
Other Sciences show the strongest use of
references in other articles, books, or reports.
Reliance upon the identification of an article to
be cited by means of formal indexing or
abstracting tools is low in all fields.

Considering methods of access to the
literature, one can distinguish both between
the various sources of accesslibrary,
publisher, author, and colleagueand also
between subscription and nonsubscription
forms of access. The breakdown among
sources of access is shown in Figure 76.
Libraries are consistently the most often used
access source. Access directly from authors
(i.e., through author reprints or preprints) and
access through colleagues have increased
slightly. The volume of accesses by means of
individual user subscriptions and the
purchase of reprints from publishers, has



Figure li
Article identification by field of science
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grown substantially in recent years. It appears
that the use of subscriptions for obtaining
access to cited articles has risen nearly
proporational to the rise in the total number of
articles cited. At the same how, the access
through nonsubscription forms (reprints,
preprints, etc.) has remained fairly constant,

10 order to estimate total resources expend-
ed by scientists and engineers on reading the
literature, several studies summarized in the
SATCOM report151 were used. Based on these,
overall averages of reading I hne per scientist
were assumed. The average time spent by
scientists is assumed to be 83.2 hours spent per
year reading journals, 41.6 hours per year
rea(Iing S&T books, find 2 hours reading each
report ordered from the National Technical
Information Service and the U.S. Government
Printing Office. The resulting estimates of the
steadily increasing cost of assimilation and
use of the S&T literature are shown in Figure
77.

Figure 76

Relative use of sources of access to cited
articles, by year of citing article
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Ftgure 77

Estimated total cost of assimilation
S/AT literature (1960-1980)

of

magmas of 06114,14

7000

1,,,r,,,1:-, ... ... i...
************** 1, 1,:v: f' ,-;,,f ,

I

0 _ ...._i_ , '_._iii in * 0 lom ."12.1_11:1 _,._
1960 62 64 .66 '68 70 '72 '74 .76 78

. . me

Year

S000Ct Mug? REsexcll, Inc . Centet tor thiartfttrthve ;.;conces

***1

6 8



Of

Bibliography

-1. Berul. Lawrence H., Donald W. King and lohn C.
Yates. Editorial Processing (:enters: A Study to
Determine Economic uml Technical Feusibility
(NSF-C769). Rockville. Maryland: Westat, Inc. &
Aspen Systems Corp July 1974,

Annex Part 1.-1 Bose line Study of Cum'nt Journal
Pun/is/ling Practices in the Life Sciences.

Annex Part ILA Review of lielevant Technology to
the Publication of Scientific and Technical
Journals.

Annex Part III:The Design of Foor Systems um-
figurations for Publishing Scientific ond
Technical. Journals.

Annex Part IV:Survey of Authors. Revietvers. and
Subscriber!: to Journals in the Life Scien,:es.

Annex Pori V:Exonomic Analysis of lotirio)
Publishing in the Life Scioni:es.

2. The [lowlier Ammo] of library and Book Trade
Information. 4th-20th Editions. New York: R. R.
Bowker Company. 1961-1975.

3. Bureau of the Census, DOC. Statistical Abstract of
the United States. Washington. D.C.: U.S. Depart-
ment of Commerce, U.S. Government Printing
Office, I 999- 1974.

1. Fry. Bernard M. and Herbert S. White. Ecmiumics
and Interaction of the Publisher-Library
Relationship ill the Production and Use of Scholar-
ly and Research Journals (NSF Grant No. GN
41308). Bloomington, Indiana: Indiana UniVersity,
Graduate Library School, November 1975.

5. Herring, Conyers, "A Study of Primary Journal
Econ000 )-7," In: Report of the Task Group on the
Econonv of Primary Publication (PB 194-400).
Commit; o on Scientific and Technical Com-
municatin (SATCOM), National Academy of
SciencesNational Academy i Engineering.
Washington, D.C.: National Acmle my of Sciences,
1970.

6. Machlup, Fritz. The Production and Distribution
of Knowledge in the United States. Princeton, New
Jersey: Princeton University Press, 1962.

7. National Science Foundation, Office of Science
Information Service, "Request for Proposal to
Study Scientific and Technical Communication"
(RFT 74-115). 1974.

8. Porat, Marc U. The Information Sector: Definition
Measurenwnt. Comments prepared for the

American Association for the Advancement of
Science "America: The First Information Society."
Boston. Massachusetts, February 23, 1976.

9. Price, Derek J. Saila, and Saha Gursey. "Some
Statistical Results for the Numbers of Authors in
the States of the United States and the Nations of
the World." In: Who is Publishing in Science. 1975.
pp. 26-34. Philadelphia, Pa: Institute for Scientific
In formation, 1975.

6 9 69



7 0

Appendix A

Indicators

7 1



Table 2. Total S&T communication resource
expenditures: 1960-1980

Table 3. Total S&T communication resrurce
expenditures, gross national product and

research and development funds in
current dollars: 1960-1980

[Millions of dollars] [Billions of dollars]

Expenditures
Year (Current $)

Expenditures
(Constant $)"

1960 2013, 2,292
1961 2,264 2,545
1962 2,490 2,768
1963 2,737 3,003
1964 2,925 3,160
1965 3,279 3,478
1966 3,712 3,831
1967 4,212 4,212
1968 4,673 4,492
1969 5.267 4,831
1970 5,846 5,083
1971 6,402 5,326
1972 6,939 5,584
1973 7,751 5,906
1974 8,525 5,893

Projections
1975 9,431 5,965
1976 10,504 6,226
1977 11,595 6,437
1978 12,684 6,588
1979 13.889 6,780
1980 15.128 6,941

Year
R&D

GNP' Funds2
Communication
Expenditures3

1960 503.7 13.551 2.013
1961 520.1 14.346 2.264
1962 560.3 15.426 2.490
1963 590.5 17.093 2.737
1964 632.4 18.894 2.939
1965 684.9 20.091 3.279
1966 749.9 21.894 3.712
1967 /93.9 23.205 4.212
1968 864.2 24.669 4.673
1969 930.3 25.686 5.267
1970 977.1 26.047 5.846
1971 1,054.9 26.745 6.402
1972 1,158.0 28.402 6.939
1973 1,294.9 30.427 7.751
1974 1.396.7 32.045 8.525

Prolv:tions
1975 1,475.2 334.345 9.431
1976 1,680.5 36.469 10.504
1977 1,878.3 38.867 11.595
1978 2,065.2 41.605 12.684
1979 2.273.6 44.761 13.884
1980 2,499.1 48.432 15.128

GNP I mpticit Pnce Deflator (1975-1980 NPAI used to obtain 1967 Constant SOURCES'

Dollars. ' Economic Report ot the President. February 1975 GNP. 1960-1974
National Planning Association, 1975-1980.

SOURCE King Research. Inc , Center for Quantitative Sciences National Science Foundation, National Patterns ol R&D Resources. 1953-
1975 (NSF 75-307)

King Research. Inc . Center for Quantitative Sciences.
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Table 4. Ratio of S&T communication resource
expenditures to GNP: 1960-1980

Year
Expenditures
GNP (10-3) Year

Expenditures/
GNP

1960 4.0 1971 6.1
1961 4.4 1972 6.0
1962 4.4 1973 6.0
1963 4.6 1974 6.1
1964 4.7 Projections
1965 4.8 1975 6.4
1966 5.0 1976 6.3
1967 5.3 1977 6.2
1968 5.4 1978 6.1
1969 5.7 1979 6.1
1970 6.0 1980 6.1

SOURCE King Research, Inc . Center for Quantitative Sciences.

Table 5. Ratio of S&T communication resource
expenditures to research and development funding:

1960-1980

Year

Expenditures/
Research and
Development Year

Expenditures/
Research and
Development

1960 .15 1971 .24
1961 .16 1972 .24
1962 .16 1973 .25
1963 .16 1974 .27
1964 .15 Projections
1965 .16 1975 .27
1966 .17 1976 .29
1967 .18 1977 .30
1968 .19 1978 .30
1969 .20 1979 .31
1970 .22 1980 .31

SOURCE King Research Inc Center for Quantitative Sciences

Table 7. S&T communication resource expenditure
per scientist or engineer in current

and constant dollars: 1960-1980

[Thousands of clullars]

Year

Expenditures/
Scientists and

Engineers
(Current $)

Expenditures/
Scientists and

Engineers
(Constant $1

1960 1.74 1.98
1961 1.87 2.10
1962 1 9,42 2.18
1963 2.0., 2.23
1964 2. 2.27
1965 2.27 2.41
1966 2.47 2.55
1967 2.67 2.67
1968 2.83 2.73
1969 3.05 2.80
1970 3.25 2.83
1971 3.49 2.90
1972 3.71 2.99
1973 4.03 3.07
1974 4.32 2.99

Projections
1975 4.65 2.94
1976 5.05 2.99
1977 5.42 3.01
1978 5.78 3.00
1979 6.16 3.01
1980 6.54 3.00

GNP Implicit Price Deflator (1975-1980 NPA) used to obtain 1967 Constant
Dollars

SOURCE King Research. Inc.. Center for Quantitative Sciences.

Table 8. Ratio of S&T communication resource
expenditure per scientist to median

scientists' salaries: 1960-1980

Year

Expenditure per
Scientist/Averago
Scientists' Salaries

1960 .185
1961 .193
1962 .196
1963 .197

Table 6. Estimah imber of
1964 .198

scientists and engineers: 1960-1980 1965 .199
1966 .204

[Thousands]

Year
Scientists and

Engineers Year
Scientists and

Engineers

1960 1.159 1971 1.834
1961 1 210 1972 1,871
1962 1.272 1973 1.923
1963 1.346 1974 1,973
1964 1.396 Projections
1965 1 442 1975 2,026
1966 1,501 1976 2,081
1967 1 578 1977 2,138
1968 1 649 1978 2,195
1969 1.725 1979 2.255
1970 1.797 1980 2,314

SOURCE King Research Inc . Center tor Quantitative Scieni.
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1967 .208
1968 .211
1969 .213
1970 .215
1971 .219
1972 .223
1973 .225
1974 .224

Projections
1975 .2 4
1975 .225
1977 .226
1978 .227
1979 .227
1980 .229

SOURCE King Research. Inc , Center for Quantitative Sciences.



Table 9. Total 3&T communication resource expenditures
by medium in current dollars: 1960-1980

[Millions of dollars]

Year Books Journals Reports
Other

L rature Total

1960 571 1,277 22 141 2,013
1961 631 1,461 26 143 2,264
1962 688 1,616 28 157 2,490
1963 752 1,788 32 165 2,737
1964 817 1,897 34 177 2,925
1965 901 2,105 57 214 3,279
1966 1,004 2,384 105 219 3,712
1967 1,116 2,724 135 235 4,212
1968 1,235 3,042 133 264 4,673
1969 1,376 3,410 175 306 5,267
1970 1,519 3,789 205 334 5,846
1971 1,660 4,145 239 360 6,,402

1972 1,777 4,491 305 365 6,939
1973 1,953 5,034 364 400 7,751
1974 2,144 5,559 388 433 8,525

Projections
1975 ..,..s... 2,352 6,114 471 494 9,431
197',3 2,570 6,852 539 543 10,504
1977 2,807 7,572 619 597 11,595
1978 3,039 8,304 693 648 12,684
1979 3,288 9,108 781 707 13,889
1980 3,538 9,943 877 770 15,128

SOURCE King Research. Inc . Center for Quantitative Sciences

Table 10. Total S&T communication resource expenditures
by medium in constant dollars: 1960-1980

[Millions of constant 1967* dollars]

Year Books Journals Reports
Other

Literature Total

1960 650 1,454 25 161 2,292
1961 709 1,642 29 161 2,545

1962 765 1,796 31 174 2,768
1963 825 1,962 35 181 3,003
1964 883 2049, 52 191 3,175
1965 956 2,233 60 227 3,478
1966 1,036 2,460 108 226 3,831

1967 1,116 2,724 135 235 4,212

1968 1,187 2,925 128 254 4,493
1969 1,262 3,128 161 281 4,831

1970 1,321 3,294 178 290 5,083
1971 1.381 3,448 199 299 5,326
1972 1,430 3,614 245 294 5,584
1973 1,488 3,836 277 305 5.906
1974 1,482 3,843 268 299 5,893

Projections
1975 1,488 3,867 298 312 5.966
1976 1,523 4,061 319 322 6,226
1977 1.558 4,204 344 331 6,437

1978 1,578 4,313 360 337 6,588
1979 1,605 4,446 381 345 6,780
1980 1,623 4,562 402 353 6,941

GNP irnphcit Price Defiator (1-1980NPA)usedtoobtain1967Constant
Doliars

SOURCE King Rmearch Inc . Center for Quantitative Sciences
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Table 11. TOtJ S&T commJnicatlon resource expenditures
by p.s.tizipants i curAnt dollars: 196C-1980

[Milliuns of dollars]

Year
Srient'st
(Author) Publisher Library

Scientist
(User) Tot al

1930 .. ........ 337 154 540 982 2,013
196 ' 403 183 622 1,056 2,264
1962 424 245 676 1,145 2,490
1963 4b2 267 740 1,248 2,737
1954 503 295 796 1,331 2,939
1959 597 320 883 1,479 3,279
1963 t 711 356 979 1,666 3,712
1967 834 416 1,094 1,868 4,212
1968 939 474 1,233 2,026 4,673
1969 1,065 548 1,376 2,278 5,267
1970 1,202 616 1,516 2,512 5,846
1971 1,342 684 1,669 2,709 6,402
1972 1,464 762 1,793 2,920 6,939
1973 1,670 851 1,972 3,258 7,751
1974 1,844 933 2,164 3,584 8,525

Projections
1975 2,055 960 2,419 3,997 9,431
1976 2,384 1,037 2,655 4,430 10,504
1977 2,660 1,118 2,924 4,892 11,595
1978 2,941 1,201 3,200 5,343 12,684
1979 3,245 1,289 3,508 5,844 13,884
1980 3,555 1,379 3,850 6,338 15,128

SOURCE, King Research. Inc., Center for Quantitative Sciences.

Table 12. Total S&T communication resource expenditures
by participants in constant dollars: 1960-1980

[Millions of constant 1967* dollars]

Year
Scientist
(Author) Publisher Library

Scientist
(User) Total

1960 384 175 615 1,118 2,292
1961 453 206 699 1,187 2,545
1962 471 272 751 1,273 -.,768
1963 529 293 812 1,369 3,003
1964 543 319 860 1,438 3,175
1965 633 339 937 1,585 3,478
1966 734 367 1,010 1,719 3,831
1967 834 416 1,094 1,868 4,212
1968 903 456 1,185 1,948 4,493
1969 977 503 1,262 2,090 4,831
1970 1,045 536 1,318 2,184 5,083
1971 1,116 569 1,388 2,254 5,326
1972 1,178 613 1,443 2,350 5,584
1973 1,273 648 1,503 2,483 5,906
1974 1,275 645 1,496 2,478 5,893

Projections
1975 1,300 607 1,530 2,528 5,966
1976 1,413 615 1,574 2,626 6,226
1977 1,477 621 1,623 2,716 6,437
1978 1,528 624 1,662 2,775 6,588
1979 1,584 629 1,712 2,853 6,780
1980 1,631 633 1,766 2,908 6,941

GNP mpkct Price Deflator (1975-1980 NPA) used tO obtain 1967 Constant Dollars

SOURCE K,ng Research. Inc . Center for Quantitative Sciences Based on Table 11.
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Table 13. Total S&T journal communication resource expenditures
by participants: 1950-1980

(Millions of dollars]

Year
Scientist
(Author) Publisher Library

Scientist
(User) Total

1960 204 88 331 654 1,277
1961 263 113 381 704 1,461
1962 269 172 412 763 1,616
1963 316 189 451 832 1,788
1964 319 208 483 887 1,897
1965 357 227 535 988 2,105
1966 452 250 592 1,090 2,384
1967 559 294 659 1,212 2,724
1968 636 342 739 1,325 3,042
1969 707 400 823 1,480 3,410
1970 794 460 907 1,628 3,789
1971 890 512 993 1,750 4,145
1972 989 574 1,065 1,863 4,491
1973 1,143 651 1,174 2,066 5,034
1974 1,264 720 1,290 2,285 5,559

Projections
1975 1,400 741 1,445 2,528 6,114
1976 1,655 805 1,596 2,796 6,852
1977 1,855 873 1,765 3,079 7,572
1978 2,061 944 1,941 3,358 8,304
1979 2,285 1,019 2,138 3,666 9,108
1980 2,512 1,097 2,364 3,970 9,943

SOURCE. King Research. Inc.. Center for Quantitative Sciences

Table 14. Total S&T book communication resource
expenditures by participants: 1960-1980

[Millions of dollars]

Year
Scientist
(Author) Publisher Library

Scientist
(User) Total

1960 14 66 163 328 571

1961 21 70 188 352 631
1962 26 74 206 382 688
1963 33 77 226 416 752
1964 40 86 247 444 817
1965 43 91 274 493 901
1966 50 104 305 545 1,004
1967 49 118 343 606 1,116
1968 54 128 390 663 1,235
1969 58 143 435 740 1,376
1970 74 151 480 814 1,519
1971 85 166 534 875 1,660
1972 92 180 573 932 1,777
1973 102 190 628 1,033 1,953
1974 117 200 684 1,143 2,144

Projections
1975 124 206 758 1,264 2,352
1976 128 216 818 1,398 2.570
1977 152 226 889 1,540 2,807
1978 166 237 957 1,679 3,039
1979 182 247 1,026 1,833 3,288
1980 199 257 1,097 1,985 3,538

SOURCE King Research, Inc . Confer for Ouantitative Sciences
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Table 15. Total S&T report communication resource
expenditures by participant: 1960-1980

[Millions of dollars]

Year
Scientist
(Author) Publisher Library

Scientist
(User) Total

1960
1961
1962

22
26
28

22
26
28

1963 1 31 32
1964 1 33 34
1965 19 2 36 57

1966 31 2 41 31 105
1967 36 4 45 50 135
1968 38 4 53 38 133
1969 53 5 59 58 175
1970 65 5 65 70 205
1971 78 6 71 84 239
1972 95 8 77 125 305
1973 107 12 86 159 364
1974 125 12 95 156 388

Projections
1975 145 13 108 205 471
1976 168 16 120 235 539
1977 192 19 135 273 619
1978 216 20 151 306 693
1979 243 22 171 345 781

1980 271 25 197 ::.)4 877

SOURCE King Research, Inc . Center tor Quantitative Sciences

Table 16. Total S&T other media
communication resource expenditures

by participants: 1960-1980

[Millions of dollars]

Year
Scientist
(Author) Library Total

1960 119 22 141

1961 118 25 143

1962 129 28 157

1963 134 31 165

1964 144 33 177

1965 178 36 214
1966 178 41 219
1967 190 45 235
1968 211 53 264

1969 247 59 306
1970 269 65 334
1971 289 71 360
1972 288 77 365
1973 318 82 400
1974 338 95 433

Projections
1975 386 108 494
1976 423 120 543
1977 462 135 597
1978 497 151 648
1979 536 171 707
1980 573 197 770

SOURCE King Research. Inc Center tor Quantitative Sciences.
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Table 17. Total S&T book titles
published: 1960-1980

Table 18. Total S&T book titles published
as a function of number of scientists

and engineers

Year
Titles

Published
Titles

Year Published
S&T Book

Scientists and
Engineers2 (000)

1960 3,062 1971 12,042595 Year Titles Published, (Lagged Three Years)
1961 5, 1972 13,379

1963 7,411 1,1591962 6,153 1973 13,522
1963 7,411 1974 14,442 1 964 8,871 1,210

1964 8,871 Projections* 1965 8,808 1,272

1965 8,808 1975 14,277 1966 9,808 1,346

1966 9,808 1976 14,753 1967 8,993 1,396

1967 8,993 1977 15,228 1968 9,613 1,442

1968 9,613 1978 15,798 1969 9,645 1,501

1969 9,645 1979 16,274 1970 11,659 1,578

1970 11,659 1980 16,884 1971 12,595 1,649
1972 13,042 1,725

' King Research. Inc , Center for Quantitative Sciences 1973 13,522 1,797
1974 14,442 1,834

SOURCE The Bowker Annual of Library and Book Trade Information. R. R
Bowker Company. 1962-1975

SOURCES.
' The Bowker Annual 01 Library and Bcx,k Trade Information. R. R. Bowker

Company, 1962-1975,
King Research. Inc.. Center for Quantitative Sciences.

Table 19. Total S&T book titles published by six classifications: 1960-1980

Year Agriculture

So cio logy
and

Economics Medicine Science Te,hnology

Philosophy
and

Psychology

1960 78 754 520 1,089 698 240

1961 116 1,613 776 1,494 781 283

1962 142 2,059 952 1,743 931 327

1963 143 2,487 1,054 2,211 1,157 360

1964 143 3,272 1,211 2,738 1,125 383

1965 135 3.242 1,218 2,562 1,153 490

1966 144 3.482 1,446 2,958 1,333 446

1967 144 3,611 1,189 2,367 1,252 432
125 4,070 1,277 2,407 1,262 473

196:4 130 4,462 1,190 2,352 1,035 476

1970 133 5,912 1.476 2,358 1,141 640

1971 162 6,095 1,655 2,697 1,309 677

1972 195 6 4 1 5 1,839 2,586 1,425 582

1973 191 6,565 2,002 2,714 1,347 703

1974 196 6,640 2,281 3,049 1,593 684
Projections*

1975 200 6,858 1932, 3,148 1,507 660

1976 224 7,109 1,714 3,501 1,582 667

1977 213 7,285 1,680 3,576 1,765 631

1978 206 7,310 1,956 3,580 1,834 654

1979 248 7,413 1,929 3,859 1,957 628

1980 230 7,740 2,055 4,114 2,109 666

King Research. Inc . Center for Quanhtative Sciences

SOURCE The Bowker Annualof Library and Book Trade In lormatiOn. Editions
8-20 R R Bowker Company, 196?-1975
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Table 20. Average number of copies
sold per book title: 1960-1980

Year
Average

Copies/Title Year
Average

Copies/Title

1960 2,394 1971 823
1961 1,697 1972 880
1962 1,419 1973 ..... 1,037
1963 1,082 1974 789
1964 1,053 Projections
1965 1,019 1975 845
1966 1,029 1976 814
1967 1,279 1977 783
1'438 1,260 1978 ..... 748
1969 1,385 1979 718
1970 975 1980 684

SOURCE King Research, Inc Center for Quantitative Sciences.

Table 22. Average price per book: 1960-1980

Average Price
Year (Current $)

Average Price
(Constant $)

1960 8.54 9.72
1961 8.51 9.56
1962 8.84 9.83
1963 10.13 11.11
1964 9.67 10.45
1965 10.60 11.24
1966 10.86 11.15
1967 10.81 10.81
1968 41.12 10.69
1969 11.20 10.27
1970 13.92 12.10
1971 16.84 14.01
1972 16.45 13.24
1973 14.20 10.82
1974 18.43 12.74

Projections
1975 17.89 11.32
1976 18.88 11.19
1977 19.93 11.06
1978 21.02 10.92
1979 22.19 10.83
1980 23.39 10.73

King Research. Inc.. Center for Quantitative Sciences. GNP Imphcit Price
Deflator (1975-1980 NPA) used to obtain 1967 Constant Dollars.

SOURCE: The Bowker Annual of Library and Book Trade Information. Edition
8-20, R.R. Bowker Company. 1962-1975,

Table 21. Average number of book copies
sold per scientist or engineer Table 23. Average receipts per book title: 1960-1980

Year
Average

Copies/S&E Year
Average

Copies/S&E

1960 6.98 1971 5.65
1961 7,10 1972 6,13
1962 6.86 1973 7.30
190 5.96 1974 5.77
1964 6.70 Projections
1965 6.23 1975 5.96
1966 6,73 1976 5.77
1967 7.29 1977 5.58
1968 7.35 1978 5.38
1969 7.75 1979 5.18
1970 6,33 1970 4.99

SOURCE .ing Research. Inc , Center for Quantitative Sciences.

80
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Receipts/Title Receipts/Title
(Thousands (Thousands

Year Current S) Constant $)
1960 20.44 23.27
1961 14.44 16.23
1962 12.55 13.95
1963 10.96 12.03
1964 10.19 11.01
1965 10.72 11.37
1966 11.17 11.53
1967 13.82 13.82
1968 14.02 13.48
1969 15.51 14.23
1970 13.58 11.81
1971 13.87 11.54
1972 14.48 11.65
1973 14.73 11.22
1974 14.54 10.05

Projections
1975 15.12 9.56
1976 15.37 9.11
1977 15.60 8.66
1978 15.72 8.16
1979 15.93 7.78
1980 16.00 7.34

GNPImplicit Price Deflator (1975.1980) used to obtain 1967 Constant
Dollars

SOURCE. Ktng Research. Inc.. Center for Quantitative Sciences



Table 24. Price versus demand for S&T books

Year
Average Price Average Copies/
(Constant $) Title2

1960 8.54 2,394
1961 8.51 1,697
1962 8.84 1,419
1963 10.13 1,082
1964 9.67 1,053
1965 10.60 1,019
1966 10.86 1,02
1967 10.81 1,279
1968 11.12 1,260
1969 11.20 1,385
1970 13.92 975
1971 16 84 823
1972 16.45 880
1973 14.20 1,037
1974 18.43 789

Table 26. Number of scholarly S&T
jou .als published in the U.S.: 1960-1980

Scholarly S&T
Year Journals Published

1960 1,492
1961 1,520
1962 1,553
1963 1,591
1964 1,628
1965 1,667
1966 1,702
1967 1,752
1968 1,797
1969 1,823
1970 1,837
1971 1,856
1972 1,887
1973 1,919
1974 1,945

SOURCES Projrraions
' The Bower Annual ot Library and Book Trade Informa(ion. Editions 8-20. 1975 2,013R R Bowker Company. 1962-1975
' King Research. Inc . Center f or Quantitative Sciences 1976 2,013

1977 2,041
1978 2,074
1979 2,106
1980 2,136

Table 25. Number of world and U.S. S&T
journals published: 1960-1980

Year of
Publication

No. of Journals
Worldwide'

No. of Journals
United States'

1960 18,800 6.335
1961 23,600 6,465
1962 23,100 6,6%,
1963 26,462 6,78t,
1964 25,573 6,950
1965 26,235 7,120
1966 30,110 7.290
1967 34,594 7,500
1968 37,182 7,670
1969 39,674 7,830
1970 40.431 7.920
1971 41,930 8.020
1972 44,676 8,170
1973 47,657 8,330
1974 ..... 40 440 8,460

SOURCES
1961 Gottschalk, C M and Desmond. W F 'Worldwide Census of Science

and Technology Senals." American Documentation, 14 3 (July 1963)
1963-1974 Line. Maurice B and Wood. D.N "The Effect of a Large-Scale

Photocopying Service on Journal Sales Journal ot Documentation
(schuduled for publication)

1971 Davey. J S and Smith. E S "The Overseas Services of the British
Library Lending Division Unesco Dullehn 29 5 (September-October 1975)
King Research. Inc . Cowen lot Quantitative Sciences

SOURCE Journal Tracking Survey. King Research. Inc . Center for Quan-
titative Sciences

Table 28. Number of scholarly S&T articles
published: 1960-1980

S&T Articles S&T Articles
Year Published Year Published

1960 105.932 1971 145,458
1961 107,920 1972 147,162
1962 109,850 1973 150,311
1963 111,861 1974 ... .. 150,572
1964 115,299 Projections
1965 120,461 1975 155.345
1966 126.349 1976 158,863
1967 131,708 1977 161,795
1968 135,596 1978 165,312
1969 137,545 1979 168.830
1970 140,598 1980 172,348

SOURCE' Journal TraCking Survey. King Research, Inc . Center tor Quan-
titative Sciences.
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Table 27. Number of scholarly journals published in the nine fields of science: 1960-1980

Year
Physical
Sciences

Mathe-
matics

Computer
Sciences

Environ-
mental

Sciences
Engi- Life Psy- Social Other

neering Sciences cho/ogy Sciences Sciences

1960 68 32 15 31 250 577 47 498 46

1961 70 33 16 32 250 586 51 514 46

1962 73 34 16 33 251 580 55 519 46

1963 75 35 17 34 251 587 58 533 47

1964 77 36 18 35 251 592 62 546 47

1965 80 38 18 36 250 599 66 560 48

1966 83 39 19 37 250 606 69 573 48

1967 89 40 20 39 251 617 73 592 49

1968 98 42 21 40 249 627 78 613 49

1969 108 43 22 41 243 632 82 627 49

1970 116 44 22 42 234 634 86 638 49

1971 122 45 22 42 227 636 90 649 49

1972 121 46 23 43 227 639 93 657 49

1973 124 47 24 44 226 646 96 670 50

1974 125 48 24 45 225 650 99 679 50
Projections

1975 133 51 26 47 228 669 105 32 52

1976 138 51 26 47 223 661 107 709 51

1977 144 51 27 48 222 663 110 722 50

1978 148 52 28 48 222 670 113 732 51

1979 152 53 28 49 222 674 117 744 51

1980 157 55 28 50 221 678 121 755 51

SOURCE Journal Tracking Survey. King P

8 2

arch. Inc . Center tor Quantitative Sciences

Table 29. Number of scholarly S&T journal
articles as a function of scientists and engineers

Year
Scholarly S&T

Journal Articles

Scientist and
Engineers'

(000)

1960 105,932 1,159
1961 107,920 1,210
1962 109,850 1,272
1963 111.861 1,346
1964 115,299 1,396
1965 120,461 1,442
1966 126,349 1,501

1967 131,708 1,578
1968 135,596 1,649
1969 137,545 1,725
1970 140,598 1,797
1971 145,458 1,834
1972 147,162 1,871

1973 150,311 1,923
1974 150,572 1,973

SOUP:ICES
Journal Tracking Survey. King Research, Inc . Center for Quantitative.

Sciences
King Reseaii.n. inc . Center for Quantitative Sciences
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Table 30. Number of scholarly journal articles published in the nine fields of science: 1960-80

Year
Physical
Sciences

Mathe-
matics

Computer
Sciences

Environ-
mental

Sciences
Engi- Life Psy- Social Other

neering Sciences chology Sciences Sciences

1960 9,996 1,920 450 961 14,500 65,774 3,102 14,187 3,036
1961 10,500 2,046 512 1,024 15,000 67,160 3,366 14,740 3,036
1962 10,950 2,129 539 1,098 15,390 66,531 3,647 14,644 3,022
1963 11,489 2,257 621 1,177 15,904 65,719 3,758 15,532 2,990
1964 11,938 2,519 718 1,416 17,011 64,567 3,877 15,701 3,134
1965 12.698 2,53 760 1,775 18,163 66,730 4,077 14,655 3,194
1966 13.649 3,188 766 2,456 19,154 69,143 4.254 13,826 3,538
1967 14,872 3,484 792 3,421 19,910 69,393 4,354 14,544 3,946
1968 15,981 3,744 851 4,155 20,342 68,853 4,431 16,057 4,444
1969 16,397 3,985 918 4 340 20,203 69,208 4,623 16,559 4,938
1970 17,235 4,155 1,016 052 20,350 71,502 4,841 16,212 5,395
1971 18,673 4,244 1,091 /81 21,260 74,014 4,894 15,726 5,755
1972 19.463 4,205 1,109 3,564 21,761 72,866 4,976 15,387 6,083
1973 19,407 4,107 1,090 3,359 22,328 74,062 5,242 15.514 6,454
1974 18,835 4,063 1 075 3,276 22,435 72,857 5,551 15,821 6,659

Projections
1975 20,380 3,751 1,129 4,551 23,004 73,857 5,711 16,141 6,830
1976 21,000 3,804 1,152 4,780 23,876 74,168 5,845 16,051 7,178
1977 21,740 3,539 1,176 4,997 24,689 74,290 5,983 16,873 7,509
1978 22,350 3,572 1,197 5,205 25,695 77,196 6,153 16,119 7,825
1979 23,090 3,586 1,220 5,426 26,521 78,351 6,283 16,191 8,162
1980 23,830 3,670 1,243 5,626 27,489 79,126 6,443 16,454 8,467

SOURCE Journal Tracking Survey. King Research. Inc . Center for Ounatitative Sciences

Table 31. f irriber of scholarly S&T
journal sub. criptions: 1960-1980

Table 32. Number of institutional journal
subscriptions as a function of the

number of scientists and engineersForeign Institutional Individual Total
Year (000) (000) (000) (000)

1960 1.364 2.253 3,524 7,141
Total Number Number of1%1 1,519 2,461 3,851 7.831

1,0,2 1.710 2,719 4,254 8,683 of Institutional Scientists and
1963 1.845 2,877 4,501 9,223 Subscribers Engineers
1964 1,984 3,038 4,753 9,775 Year (000) (000)
1965 2,146 3,227 5.047 10,420 1960 2,253 1,159
1966 2,311 3.411 5.336 11.058 1961 2,461 1,210
1967 2.533 3,673 5,744 11,950 1962 2,719 1,272
1968 2,745 3.909 6.114 12,768 1963 2,877 1,346
1969 2.924 4,091 6.399 13,414 1964 3,038 1,396
1970 3,116 4.210 6,584 13,910 1965 3,227 1,442
1971 3.250 4.268 6,675 14,193 1966 3,411 1,501
1972 3.337 4,381 6,853 14,571 1967 3,673 1,578
1973 3 436 4,487 7,018 14,941 1968 3,909 1,649
1974 3,557 4,567 7,144 15.268 1969 4,091 1,725

Projections 1970 4,210 1,797
1975 3.780 4 885 7.495 16.160 1971 4,268 1,834
1976 3 940 5.045 7,725 16,710 1972 4,381 1,871
1977 4,100 5,210 7,970 17,280 1973 4,487 1,923
1978 4,260 5.376 8,2W 17,850 1974 4 1,973
1979 4.420 5,550 8.480 18.450
1980 4.590 5,721 8.729 19.040 SOURCE King Research. Inc . Center for Ulian: .ihve Sciences

SOURCE King Resew c.fi IrC Center fry Olianttativ,. ScvnCes
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Table 33. Number of domestic journal
subscriptions as a function of the

number of scientists and engineers

Total Number
of Domestic
:qubscribers

Number of
Scientists and

Engineers
Year (000) (000)

1960 5,777 1,159
1961 6.312 1,210
1962 6,973 1,272
1963 7,378 1,346
1964 7,791 1,396
1965 8,274 1,442
1966 8,747 1,501
1967 9,417 1,578
1968 10,023 1,649
1969 10,490 1,725
1970 10.794 1,797
1971 10,943 1,834
1972 11,234 1,871
1973 11,505 1,923
1974 11,711 1,973

SOURCE King Research. Inc . Center for Quantitative Sciences

Table 34. Distribution of journal articles
to scftntists by individual and institutional

b sc ri p t on s and reprints: 1960-1980

Year

Distribution of
Journal

Distribution of Articles by
Journal Articles Institutional

by Reprints Subscriptions

Distribution of
Journal

Articles by
Individual

Subscriptions

1960 138 211
1961 144 2 '6
1962 152
1963 150 234
1964 155 247
1965 161 252
1966 168 263
1967 175 273
1968 7.9 178 278
1969 8.0 178 278
1970 8.2 ,%78

1971 8.6 182 284
1972 8.8 183 286
1973 8.8 182 285
1:)/4 8.3 178 2 ..1.1

Projections
1975 8.1 188 289
1976 8.1 192 293
1977 8.1 193 294
1978 8.0 196 299
1979 8.0 197 301
1980 7.9 200 306

SOURCE KInej Research, Inc , CriIr,r for Quantitative Sciences

84

Table 35. Average institutional, individual,
and foreign subscription prices In

current dollars: 1960-1980

Year

Individual
Subscription

Price'
(Current $)

Foreign
Subscription

Price
(Current $)

Institutional
Subscription

Price2
(Current $)

1960 5 27 6.01 7.88
1961 6.21 6.57 9.30
1962 8.71 8.48 12.73
1963 9.19 8.38 13.25
1964 9.67 8.39 13.77
1965 9.68 8.60 14.42
1966 9.70 9.33 15.07
1967 10.47 10.39 16.48
1968 11.25 11.66 17.89
1969 12.67 12.82 19.84
1970 14 10 14.22 21.78
1971 15 15.98 23.30
1972 16.60 18.23 24.82
1973 18.44 20.63 27.20
1974 20.08 21.90 29.57

Projections
1975 19.37 20.74 '29.18
1976 20.31 21.82 30.60
1977 21.25 22.90 32.02
1978 22.19 23.98 33.44
1979 23.13 25.06 34.86
1980 24.07 26.14 36.28

SOURCES
King Research. Inc . Center for Quantitative Sciences
Journal Tracking Survey King Research. Inc.. Center for Quantitative

Sciences



Table 36. Average institutional, individual, and
foreign subscription prices In constant dollars: 1960-1980

Year

Individual frreign Institutional
Subscription Subscription Subscription

Price Price Price
(Constant $) ' (Constant $)* (Constant $)

1960 6.00 6.84 8.97
1961 6.98 7.38 10.45
1962 9.68 9.43 14.15
1963 10.08 9.19 14.54
1964 10.45 9.06 14.87
1965 10.27 9.12 1,1 29

1966 10.01 9.63 15.55
1967 10.47 10.39 16.48
1968 10.82 11.21 17.20
1969 11.62 11.76 18.20
1970 12.26 12.36 18.94
1971 12.85 13.29 19.38
1972 13.52 14.67 19.97
1973 14.05 15.72 20.73
1974 13.88 15.14 20.44

Projections
1975 12.25 13.12 18.46
1976 12.04 12.93 18.14
1977 11.80 12.71 17.78
1978 11.53 12.45 17.37
1979 11.29 12.23 17.02
1980 11.04 11.99 16.65

GNP Implicit Price Deflator (1975-1980 NPA) used to obtain 1967 Consuht
Dollars

SOURCE King Research. Inc . Center for Quantitative Sciences Baseu on
%btu 35

Table 37. Institutional subscription price for nine fields ef science: 1962-1974

1962 1964 1966 1968 1970 1972 1974

Field of Science (Current $) (Current $) (Current $) (Current $) (Current $) (Current $) (Current S)

Physical Sciences 18.62 20.21 21.87 27.16 34.65 53.62 63.17
Mathematics 17.80 19.90 25.38 26.90 32.28 39.34 45.52

Computer Sciences 10.67 14.53 12.36 14.15 19.72 24.75 27.00
Environmental Sciences 12.65 14.37 16.33 19.22 25.28 30.46 37.61

Engineering 11.13 12.02 16.24 18.88 21.36 24.67 32.40

Life Sciences 13.08 14.16 15.25 19.65 26.20 29.62 34.66

Psychology 10.01 11.64 13.38 14.70 17.93 18.48 24.32
Social Sciences 13.36 13.75 13.75 14.96 15.99 16.30 17.53

01her Sciences 7 30 7.93 9.31 10.85 13.96 16.23 19.56

All Fields 12./3 13.77 15.07 17.89 21.78 24.82 29.57

SOURCE King Research. nC . Center for Quantoat,ve Ecience,
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Table 38. Ind ;cription price for nine fields of science: 1962-1974

1964 1966 1968 1970 1972 1974

Field of Science (Cull (Current $) (Current $) (Current $) (Current $) (Current 5) (Current $)

Pnysical Sciences 5.72 6.15 8.20 12.43 18.02 29.06 42.12

ththematics 9.84 9.20 11.95 12.58 18.77 26.44 30,04

...,puter Sciences 8 19 10.50 10.60 13.09 16.16 17.01 17.36

ft' nnmental Sciences 9.33 9.93 10.45 13.40 15.40 19.50 18.05

.ieering 9.00 9.89 10.09 13.82 14.55 15.64 16.46

F.ciences 12.04 13.03 12.72 16.74 20.92 24.05 28.97

..hology 6.06 6.96 8.39 8.65 11.24 13.88 16.52

Social Sciences 6.10 6.56 6.56 5.38 6.73 7.83 9.32

Other Sciences 8.28 8.63 8.81 10.01 11.51 13.70 14.73

Average and Al! Fields 8.71 9.67 9.70 11.25 14.10 16.80 20.08

SOURCE Journal Tracking Survey. King Research. Inc . Center for Quantitative Sciences

Table 39. Average price per S&T article: 1960-1980 Table 40. Average price per kiloword page: 1960-1980

Average Price
per Article

Year (Current S)

Average Price
per Article

(Constant $)' Year

Average Price per
Kik/word Page

(Current $)

Average Price per
Kiloword Page
(Constant $)'

1960 0.0742 0.0845 1960 0.0137 0.0156

1961 0.0875 0.0983 1961 0.0162 0.0182

1962 0 1226 0.1363 1962 0.0227 0.0252

1963 0.1312 0.1440 1963 0.0239 0.0262

1964 0.1363 0.1472 1964 0.0254 0.0274

1965 O. 1344 0.1426 1965 0.0248 0.0263

1966 0. 1311 0.1353 1966 0.0244 0.0252

1967 0.1396 0.1396 1967 0.0259 0.0259

1968 0,1501 0.1443 1968 0.0276 0.0265

1969 0.1689 0.1549 1969 0.0306 0.0281

1970 0.1855 0.1613 1970 ........ 0.0335 0.0291

1971 0.1980 0.1647 1971 0.0363 0.0302

1972 0.2153 0.1733 1972 0.0403 0.0324

1973 0 23;- 0 1801 1973 .. 0.0440 0.0335

1974 0 2606 0 1803 1974 0.0477 0.0330

Projections Projections

1975 0.2484 0 1`-71 1975 0.0460 0.0291

1976 0.2571 0.1524 1976 0.0476 0.0282

1977 0 2691 0.1494 1977 0.0508 0.0282

1978 0 2774 0.1441 1978 0.0514 0.0267

1979 0.2891 r-1 1411 1n79 .. ..... 0.0535 0.0261

1980 0.2971 0.1363 30 0.0549 0.0252

Pr, 8;iNPA esed UT, iintain 196: Constar,' 6NP I Price DerIat, (1975-.1980 NPA) 1r Sod to obtain 1967 Constant

; 1

OURCE Kini Researcn Inc . Center for Quantitative Suer, iiii.
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Table 41. Number of S&T reports
processed by NTIS: 1965-1980

Year
S&T Reports
Processed

1965 14,063
1966 21,747
1967 23,600
1968 24,190
1969 32,256
1970 37,539
1 971 42,830
1972 49,482
1973 51,149
1974 56,358
1975 61,100

Projections*
1976
1977 70.638
1978 75,347
1979 80.056
1980 84.766

King Research, Inc . Center for rioartIllative `...JCIenCQS

SOURCE N al Technical Information Service. Spnngfield Virginta, 1975

Table 43. Number of copies sold of
NTIS reports as a function of

number of reports (lagged one year)

Year

Number of
Copies of NTIS
Reports Sold

(000)

Number of
Reports

(Previous Year)

1966 784 14,063
1967 761 21, 747
1968 802 23,600
1969 1,122 24,190
1970 1,584 32,256
1971 1,703 37,539
1972 2,091 42,830
1973 2,638 49,482
1974 2.356 51,149
1975 2 999 56.358

SOURCE National Te,:hrecal Information Service. Springfield. Virginia. 1975

Table 44. Paper copy and microfiche report
Table 42. Number of non-NTIS S&T reports sales at NTIS: 1966-1980

processed by GPO: 1965-1980

Estimated Number of
Year S&T Reports (Non-NTIS)

1,255 748
19b6 713
1967 1.122
1968 935
1969 1. 118
1970 1.005
1971 1.090
1972 1.646
1973 2.090
1974 1.961

Projections
1975 2.084
1976 2,275
1977 2.405
1978 2.441
1979 2.519
198 2.587

SOURCF K, j RPS0,1,-h. Center JearititiltveScwnCeS I SUMy based
on sartpl., ijerhs ,-treloortcdd in .,rlthiy S Gover,,,ent

'4

Number of
Microfiche

Copies
Year (000)

Number of
Paper Copies

Sold
(000)

1966 283 501
1967 295 466
1968 349 453
1969 514 609
1970 869 715
1971 1,017 686
1972 1,421 670
1973 1.941 697
1974 1.5,9 757
1975 2.332 667

Projections*
1976 . . ...... 2.260 768
1977 2,493 797
1978 2.717 823
1979 2,940 850
1980 3.164 876

King Research. Inc Center lc Ouantitativ, SCwnces

OURCE Natlonal Techn,cal I nforrnation Ser Springflold. Virginia 1975,
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Table 45. Price for paper copy and
microfiche reports at NTIS: 1966-1980

Average
Microfiche
Copy Price

Year (Current S)

Average
Paper

Copy Price
(Current $)

1966 .35 1.55
1967 19 2.38
1968 .45 2.62
1969 .62 3.27
1970 .38 3.15
1971 .50 3.37
1972 .66 3.71
1973 .56 4.89
1974 .69 5.15
1975 .60 5.07

Projections
1976 .72 5.42
1977 .76 5.76
1978 .79 6.10
1979 .84 6.44
1980 .88 6.78

SOURCE King Hesedrch. Inc , Center for Ouantithtive Sciences

Table 46. Average number of copies sok% s

a function of average price fo
and technical reports sold by NTIS

Average Price Average Number
per Paper of Paper Price Pe,.

Copy Sold Copies Sold Year P-ige 'Cents)
Year (Constant F; per Report 1965 1.2

1966 1.1

i937 i.:3
196, 0.6
196.. 0.7
1970 0.9
1971 0 9
1972 0.9
1973 2.0
1974 1 8

Table 47. Average number of copies sold for
scientific and technical reports published
by Government Printing Office: 19$5-1980

_
Copies Sold

per GPO
Year Technical Report

1965 1209,

1966 1,371
1967 1,746
1968 1,643
1969 1,523
1970 1,627
1971 1,778
1972 1909,

1973 1,688
1974 1,639

Projections
1975 1,834
1976 1,874
1977 1914,

1978 1,954
1979 I 9,95
1980 .... ....... 2,.35 -
SOURCE ;in; .Rr,s.rrarch. Inc .C.on:er for C.),rantilative 'Eciencc, .ed

on -.an-vie of ..ems announced in MCI,tn1v Cien1;,:) f Li C 101710111

P 11F "r65-1:47,1)

1 MN? 48. Pr'ce pvr page toi scietW. c or1 technical
rcperis pubiished by no 'errur.ent PO-sling Office:

19 .i5-1974

1966 1.60 35 6
1967 2.38 21 4
1968 2.52 1 n 2
1969 '3.00 25
1970 2.74
1971 2.81 18.3
1972 2.98 15.6
1973 3 73 14.1
1974 3.56 14.8

17,10q:11P,r, DelIatr)r (1975 1980 NPA1.1..nd loobtam 1967 Constant

ACE Krq F3.--;,-trr.r.. Inc , C9nte, 1c, Orv Sc)en,

8 8

SOURCE Kin; F' search, Inc _.nter fr 1%2 -- -fr.r,c1

on sample of erms announcer.' a, . Gal,ilog 01 U S L overmnent
P,.1,11cations. 113,'' -1974)



Table 49. Number of published
S&T conference proceedings

Published S&T
Conference Procedin9s

1965 1,726

1966 1,762

967 1,948

1968 2 121

1969 ?,272

1970 2,367

1971 2,419

SOLP3t:E r!333 Directory of Pubhshou PrOcooffings, In13,3 Duk
Harr Arr. Nt3w York 1,365-1973

Table 50. The number of U.S. patent applications filed and issued: 1960-1980

Paten
Filed

Patents
Issued

Patents
Filed

Patents
Issued

Year (000) (000) Year (000) (000)

1960 84.5 50.0 1971 111.1 81.8

1961 81.2 47.5 197.- 105.3 78.2

1962 85.3 51.3 1973 109.6 78.6

1963 85.0 54.3 1974 108.0 79.9

1964 87.8 44 4 Projections

1965 .... 100.4 66.6 1975 H5.6 85.5

1966 9.. 5 71 9 1976 117.8 88.0

1967 .. 93.0 e9.1 1977 120.0 90.6

1968 98.7 ,-,,2.7 1978 122.2 93.2

1969 .... ....... 107.1 71.2 1979 124.5 95.7

1970 109.4 68.0 1980 126.7 98.'2,

r=rsrarr.r1 Crprtor for Owinnt4ve Scieric63;

rhe CrroStrS, DOC 53,0333/Ica/ Abstra,-- red 33,03-3'3. 1960-1974

Table 51. The number of dissertations published
in science and technology 1960-1980

Year

Number of
Dissertations

Published Year

Num1-. of
Dis,i?rtations

Published

1960 3,387 1971 16.570

1961 4,119 1972 - 16,184
1962 4 iO3 1973 15.594

1963 4,816 1974 .606

1964 6.349 Projections
196., 8 865 1', -', 16.080

1966 9,584 19 ita ... 1: 326
1967 11 b01 1977 17,689

1968 12,084 197=. 17.905

1969 14,422 1979 17.758
1970 15.885 1980 18.004

KnL2 ,7,-;,Irl.h In. fMrItt, Sr71.,I1ces

,, Ar,r, , irtorn,tr,or.r, Xrrro, v.r ty r',1,cro!dr,
A-,

8 7
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Table 52. Growth of U.S. sci(14,.oc and technical literature formr 1960-1980

Year Journals
Journal
Articles' Books'

Dis3er-
tations,

Technical
Reports' Patents5

1960 1.422 105.932 3,379 3,387 50,000
1961 1,520 107,920 5,062 4,119 47,500
1962 1,53 109,850 6,153 4,203 51,300
1963 1,591 111,861 7,411 4,816 54,300
1964 1,628 115,299 8,871 6,349 44,400
1965 1.667 120,461 8,808 8,865 66,600
1966 1,702 126,349 9,808 9,584 22,460 71,900
1967 1,752 131,708 8,993 11,601 24,722 69,100
1968 1,797 135,596 9,613 12,084 25,125 62,700
1969 1,823 137,545 9,645 14,422 33,374 71,200
1070 1,837 140,598 11,659 15,885 38,544 68,000
1971 1,856 145,458 12,595 16,570 43,920 81,800
1972 1,887 147,162 13.042 16,184 51,128 78,200
1973 1,919 150,311 13,522 15,594 53,239 78,600
1974 1,945 150,572 14,442 15,606 58,319 79,900

Projections*
1975 2 013 165 345 14,277 16,080 63,184 85,500
1978 2,013 -8,863 14,78 16,826 68,204 88,000
1977 2,041 1 b1,795 17.689 73,043 90.600
1978 2,074 165,312 15,798 17,U5 77,788 93,200
1979 2,106 168,830 16,274 17,758 82,575 95,700
1980 2,136 172,348 16,884 18,004 87,353 98,300

-urarch. Inc Center for U Jantrtutive Sciences

SOURCES
Journal I racking Sll /W.V. Kmr; Research, Inc . Center tor Eluantrlative

rne 1.1r)wwur Anollal of rbrary and Gook Trade lnlonnatton. R R Bowker
Company 191+2 1 q.'1--/

Orssorrarcrn Abstracts !Morn:Mona/. Xeroz.Umversity Microfilm. Ann
Art,. nftlan 1960.1975

' National Technical Information Service. Sermglield. Virgmia, 1975: ,nd
King Research. Inc . Center for OuantitativeSciences. (Study based On sample
cq Items announced In Monthly Catalog of Us. Government Publications,
1965-1974)

Bureau Of the Census. DOC. statistical Abstract ottho United States. 1960-
1974

Table 53. Number a' items per sraentist or engineer, by medium: 1960-1980

Year
Books
(10- ')

Journals
(1C- ')

Journal
Articles

(10-')

Disser-
tations
(10-')

TechnT

t1G. (!0-3,!

1960 2.92 1 29 91.40 2.92
1961 4.18 1 26 89.19 3.40 :
1962 4.84 22 8.6.36 3.30
1963 5.51 1.18 83.11 3.58 40.34
1964 6.36 1.17 82.59 4.55 31.81
1965 6.11 1.16 83.54 6.15 46.1c.
1966 6.53 1.13 84.18 6.39 15.67 47.90
1967 8.71 1.11 83.47 7.35 15.24
1968 5.8. 1.09 82.23 7.33 1935 ry)
1969 5.59 1.06 79.74 8.36 21.45 41.28
1970 6.49 1.02 78.24 8 84 21.45 37 Q4
1971 6.87 1.01 79.31 9.03 23.95 ,
1972 6.97 1.01 78.65 8.65 27,33

7.03 1.0' 78.16 8.11 27.69
1974 7 32 99 76.31 7.91 29.56

Projectior
1975 7 05 99 76 ISA 7.94 31.19 42.23

7 09 .97 8.09 32.77 42.29
7.12 .95 75.68 8.27 34.16 42.38
7.20 94 75.31 3.16 35.44 42.46
7.22 93 T1 87 7.27 36.62 42.44

198U 7.30 .92 74 '9 7.78 37.75 42.43

C.:,nt noti.t,ve

9(1
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Table 54. S8T communicafion resource expenditures tor composition
and recording, by rnudium: 1960-1980

(Millions of dollars)

Year Journals Books Reports
Orsser-
tations Patents Total

130 204 14 5 114 337

1961 263 21 6 112 403

1962 269 26 7 122 424

1963 316 33 8 126 482

1964 319 40 - 11 133 503

1965 357 43 19 16 162 597

1966 452 50 31 18 160 711

1967 559 49 36 23 167 834

1968 ;36 54 38 25 186 939

1969 707 58 53 32 215 1,065

1970 794 74 65 37 232 1,202

1971 890 85 78 40 249 1,342

1972 989 92 95 41 247 1,464

1973 1,143 102 107 43 275 1,670

1974 1,264 117 125 46 292 1,844
Projections

1975 1,400 124 145 51 335 2,055

1976 1,655 138 168 57 366 2,384

1977 1,855 152 192 64 398 2,660

1978 2,061 166 216 68 429 2,941

1979 2,285 162 243 72 464 3,245

1980 2,512 199 271 76 497 3,555

SOURCE King Research. Inc Center for Quantitative Scences 097,-1980)

Table 55. Number of copies sold per item,
by medium: 1960-1980

Table 56. Copies sold per scientist and engineer.
by medium: 1960-1980

Year Books Journals Reports Year Books Journai' Repo

19cm 2.,39.1 7 870 '150 6.98 4.98 -
1C.'61 1,67 ,,,150 1961 7.10 5.22
1962 1.419 4,490 1962 6.86 5.48
1963 1.082 4,640 1963 5.96 5.48
1964 1,053 4.790 1964 6.70 5.58

1965 1,019 4.960 - 1965 6.23 5.74 -
1966 1.029 5,110 78.5 1966 6.73 5 83 1.18

1967 1,279 5.380 110.1 1967 7.29 5.97 1.72

1968 1,260 5 61n 93 2 1968 7.35 6.08 1.42

1969 1,385 5,750 84.6 1969 7./5 6.08 1.64

1970 975 5,880 83.6 1970 6.33 6.01 1.79

1971 823 5.900 82.9 1971 5.65 5.97 1.99

1972 880 5,950 102.3 1972 6.13 6.03 2.80

1973 1.037 6.000 115.9 1973 7.30 5.98 3.21

1974 789 6.020 95.4 1974 5.77 5.95 2.82

Projections Projections
1975 845 6.250 107.9 1975 5.96 6.11 3.37

1976 914 6.340 106.9 '976 5.77 6.14 3.50

19 -7 783 6,460 108.0 1377 5.58 6.16 3.69

1978 748 6.550 106.8 1978 5.38 6 19 3 79

1979 718 6,660 106.8 1979 5.18 6 '.f.2 .3 91

1980 684 C.71:3e 1`.2.r 19i-in 4 99 6.24 02

Donu,shijournal subscriptions used for calculatIons ID,mestic journal sub5crtptions u,od for calculations

SOURCE King Research. Inc . Center for QuarPd ,:ive Sciences SOURCE King Research. Inc Center fo/ Quantitative Sciences
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Table 57. S&T communication resource
expendituros for reproduction and
distribution by medium: 1960-1980

(Millions ()` !ollars]

Year Journals Books Reports Total

1960
1961
1962
1963
1964
965

1966
196-,
1960

88.5
113.2
171.9
189.2
208.4
227 4
249.6
294.1
342.1

65.8
69.6
73 5
7 '
ou !

90.7
;- 4 4
118.4
126 4

0.7
0.8
2.0
9.3
4 0
3.8

154.3
182.8
245.4
267.2
295.3
320.1
356.3
416.5
474.3

196') 400 3 142.5 4.9 64- 1
19- ) 460 0 150.8 4.7
1971 512.3 166.4 5.5 684 2
1972 573.9 179 8 8.3 702.0
1973 650 2 189,7 11.9 851.4
1974 720.4 200.0 12.4 932.8

Projections
1975 741.1 2053 '' 13 3 960.0
1976 805.3 215.3 15 1.037.1
1977 873,4 226.3 18 7 1.118.4
1978 944.2 236.6 20 1 1,200.9
1979 ;.019 5 247,0 22 5 1,229.0
1980 1.097 0 257.2 24 9 : :9.1

Percent Change
19-.0 65 157 38 111,3

19i- 10 102 135 '32

1913-75 61 ..,, 183 56
1975-80 48 25 87 44

IJ9 IILE 1 fur 1,antitalivo

92

9 C

Table 58. Price per copy by medium
In current dollars: 1960-1980

Year Books' Journals. Reports'

1960
1961
1962
1963
1964
1965

8.54
8.51
8.84

10.13
9.67

10.60

5.27
6.21
8.71
9.19
9.67
9.68

-
-

1966 10.86 9 73 1.55
1967 10.81 10 47 2.38
1968 11.12 11.25 2.62
1969 11.20 12.67 3.27
1970 13.92 14.10 3.15
1971 16.84 15.45 3.37
1972 16.45 16.80 3.71
1973 14.20 18.44 4.89
1974 18.43 20.08 5.15

Projections*
1975 17 89 19.37 5.07
1976 3.88 20.31 5.42
1977 19.93 21.25 5.76
1978 21.02 22.19 6.10
1979 22.19 23.13 6.44
1980 23.39 24.07 6.78

' King Research, Inc , Center for Quantitative Sciences

SOURCES
The Bowhor Annual of Library 0.41 Book Trade ' Editions 8-20
Bowl,.er Company. 1962-1975. Price Data 198o-1970 based on Average

Price per Volume Sold
King Research. Inc Center for Quantitative Siaences

,subscript9,n Price used for Journal Calculations and WV'. Paper copy used
for report calculations

Table 59. Price per copy by medium
in constant dollars: 1960-1980

Year Books Journals Reports

1960 .... 9.72 6.00
1961 9.56 6.98
1962 9.83 9.68
1963 11.11 10.08
1964 10.45 10.45
1965 11.24 10 27
1966 11.15 10.01 1.60
1967 10.81 10.47 2 38
1968 10 6:4, 10.82 2.52
1960 10.27 11.61 3.00
19-',', T.10 1126 2.74
1971 ;4.01 12.65 2.81
197, 13.24 13.52 2.98
1973 10.82 14.05 3.73
1974 12.74 13.88 3 56

Projections
1975 11.32 12.25
1976 11 19 12.04
1977 11.06 11.80
1978 10.92 11.53
1979 10 83 11 29
1980 10.73 11.04

(,tii Ieptic,t Pro:. DeJator 1975-1980 NPA) used to 9lawn C. .tant

b 1 Kaig Research Inc Center fur Or.,rintative,
i



Table 60, Number of U.S. academic, special and public libraries

Year
Academic'
Libraries'

Special'
Libraries'

Public
Librane;,' To'a,

ARE
Libraries

Federal'
SRI" Libraries

1960 2031, 3.972 7,204 13.207 49
1961 2,028 4,317 6,487 12,832 49
1962 2.024 4,662 5, i /0 12,456 49
1963 2,094 5,020 5.998 13,112 72
1964 2.163 5.377 6,626 14.166 74
1965 2.416 5,542 6,952 14,910 64 508
1966 2,668 5.706 7,278 15.652 64
1967 2,781 5,938 7,346 16.065 70
1968 2,894 6,169 7,415 16.478 71 .

1969 2.931 6.419 7,543 16,893 76
1970 2,968 6.669 7,671 17.308 76
1971 2,846 6.765 7,613 17,224 78
1972 2,723 6,861 7,555 17.139 78 995
1973 2.705 7.198 7.870 17.773 81
1974 2.636 7,536 8.185 18,407 82

University Colloge and Junior Collet-10 Libraries
Special. L.iw, Modiu,i1 mid Religious Libraries

Tiii POWIler Aunt/a/ of bbr,uy rid Book I'dde solo tron 11 R

Curcp.irly, 1%1 ,g,",
As,,Pciation ibmries ,iry Star,stics 1960.197.1
National 1;erUe! .1 F,Jucotiunal .`u.n/cg, of Foch:tat I

Table 61. U.S. S&T library expenditures in current "ollars: 1960-1980

[Millions of Dollars]

Year
Acaden" P(

Libranes Li. ,:rIcs

rwieral'
.(.&T

Lira..;:s

Total"
S8. I

Li!,,,itie;,

58
Research
Librivios

1960 79 40 '27 146 55
1961 92 42 32 166 62
1962 10 / 44 '37 188 69

124 47 '43 214 77
1964 138 52 -48 238 8/
1965 160 55 53 268 101
1966 . . . 183 60 64 307 113
1967 208 69 '76 353 134
1968 255 7',' '88 420 150
1969 293 83 ro 475 166
E70 .12.5 92 .,3 520 190

.1971 369 I 02 1 17 588 199
1972 398 108 133 639 205

123 136 684 -.215
19 ,' - 454 132 153 739 -'1$7

Projections
1975 494 140 170 804 25)6
1976 521 179 )49 .' /5
1977 556 1:' 3 190 904 287
1978 59, 168 200 959 315

208 1.003 1i36
,80 652 218 1.057 ,8

irrr!

IF7(7.1

f1

oic,rut

,

9 1

l" '`,I.11111
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Table 62. U.S. s& r library expenditures In constant dollars: /960-1980

(Millions of constant 1967 dollarsr

Year
Academic
Librarios

Public
Libraries

Federal
S&T

Libraries

Total
S&T

Libraries

58
Research
Librarios

1960 90 45 31 166 63

1961 104 47 36 187 70

1962 118 50 11 209 77

1963 136 52 47 235 84

1964 149 56 52 257 94

1965 169 59 56 2".4 107

1966 189 62 66 317 117

1967 208 69 76 353 134

1968 245 '1 85 404 144

1969 269 76 91 436 152

1970 282 BO 90 452 165

19;1 307 85 97 489 165

1972 320 87 107 514 165

1973 324 93 104 521 164

1974 314 91 106 511 164

Projec.ions
1975 .. 312 89 108 509 162

1976 .... 309 88 103 503 163

1977 309 88 105 502 159

1978 30 T 87 194 198 164

1979 3(12 86 102 490 164

1980 299 83 100 485 164

Doflator (19/5-198UNPA) of:ed to obtato 1fKi1 Cons:ant
i

K.,rfq rfr".,,frch Con/or, for Oonalrmtrvo Se1,1Icl, Rased r1n

Table G. S&T library expenditures per
scientist or engineer. 1960-1980

Expenditures
per Scientist
(Constant $)

1960 110
1961 117
962 123

1963 126
1964 128
1965 133
1966
1967 145
1968 159
1969 163

0 160
1971 172
1972 175
1973 171
1974 164

Projections
1975 165
1976 164
1977 164
1978 163
1979 164
1980 164

!;l,t IRCF Knq Fie,f,irCh Inc CpnIer Owl ot,tatore

9 2



Table 64. U.S. S&T library material expenditures in current dollars: 1960-1980

[Millions of dollars]

Year
Public

Libraries
Federal S&T

Libraries7
Academic
Libraries3

Total
S&T Material
Expenditures.

1960 6 6 24 36
1961 7 7 28 41
1962 7 8 33 48
1933 7 10 41 58
1964 7 11 45 63
1965 7 12 56 75
1966 9 15 67 91
1967 10 17 78 105
1968 12 20 94 126
1969 14 23 107 144
1970 18 24 115 f",6

1971 18 27 124 169
1972 21 31 130 182
1973 21 31 142 193
1974 22 35 153 210

Projections
1375 25 38 157
1976 2 7 41 166 233
1977 29 43 175 247
1979 3 1 47 184 261
1972 33 49 193 275
1980 35 52 , 202 289

SOURCES
rhe Bowkor Annuid of Ltbrary dod Book rfado Informatoon, A R BOwker Company. 1971. 1974. 197!.
Coldhor. Herbert "The Indlces of Amer :an Public Library Statistics.' April 1975 (Unpublishe

Paper)
elk-vines, P N et ii Report of the Ad loc Group Fodora: Agenry Obbgatic,-, for f.f,indgorrlOir,

rfdosfo, of S,,,,frt:1,o and .^,hofcal Informahon. Data, dr,d Tech Th j y rSGM YnarS
19tio -473, Vol III

K -.1 Research. Inc . Cimt, fcf Quarddatlye Scmnces

9 5



Table 65. U.S. S&T library material expenditures in onstant dollars: 1960-1980

(Millions of constant 19(, dollars]

Library
Public

Libraries
Federal S&T

Libraries
Academic
Libraries

Tota/ S&T
Material

Expenditures

1960 7 7 28 41

1961 7 8 32 46
1962 8 9 36 53

1963 8 11 45 64" 1 8 12 49 68

1965 8 13 59 80
1966 9 15 69 94
1967 10 17 78 105
1968 11 19 91 121

1969 13 21 98 132

1970 . 1', 21 100 136
1071 1 '..) 22 103 141

1972 . 17 25 105 146

1973 16 24 108 147

1974 16 24 106 145

Projections
19 i 16 24 100 139
1976 16 24 98 138
1977 16 24 97 137
1978 16 24 96 136
1979 16 24 94 134
1990 16 24 93 132

:;t'4C I 7'460 NPA 1 IC/OE:lam 1967 C..?4',tarit

,I I:4CE ti Ce.nt, for CiElnOI,IIIVe ScinnCns Flosed on
,1

Table 66. U.S. S&T library service expenditures: 1960-1980

[Millions of dollars]

Year

Service
Expenditures

(Current Doiiars)

Service
Expenditures

(Constant Dol;ars)

1960 125
125 141
140 156

1963 156 171
1`,;,1 175 189
1965 193 204
1966 216
1967 248 248
1968 294 283
1969 331 304
1970 364 116

1971 419 343
1972 457 355

491
529 366

Projections
1975 584 370

616 365
1977 . 657 365
1978 697 362
1979 728 356
1 nSD 768 353

4.,,, ttor 14111!,-1

111, rr1' 1 1
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Table 67. Nun of Item processed by U.S.
national leuur Akin of abstratcing and
indexing services members: 1960-1980

[Thousands)

Year Items

1960 588
1961 676
1962 713
1963 756
1964 795
1965 884
196u 986
1967 996
1968 1.135 Table 69. Estimated cost of organization

1 226 and control of the S&T literature in
1 257 constant dollars: 1960-1980
1,376

19,2 1,449 [Millions of constant 1967 dollars]
1073 1,402
1974 1,443

Proiections
1979 1,590
toii; 1.650
19/7 1.720
19/8 190.. ,7
1979 1,8!,i)
1980 1,92U

i4r",...fr, , 1, ,.' HI, ' ' 0,,ntltat.ve Suf.nt:o,

10011cr r4.0,i1 , -.,:.,, iIii .1 Ab,thicling .trIrl 1,1...,(1q Sionlbut
, 1, Ind 1975

Table 68. C.S Inflated cost of organization and
control of the S&T literature in

current dollars: 1960-1980

[Millions of dollars]

Year
AM Service

Co,-:
Library
Costs

Total
Costs

1960 . 21 37 58
1961 25 42 67
1962 27 47 74
1963 52 xi
1964 :52 58 90
11116 37 64 101
1960 12 72 11.:

83 1. :3

.; -1179 51 98 152
17.39 2 110 172
1crii 121 158

140 2:1?,

8 i 152 231
197:f 89 164 253
1974 97 170 2 '3

Projections
1975 1" ,-,

1976 305
1:14 719 3171

14,-. 77o
iait I. 402
1900 17 256 429

_

Year
AM Service

Costs
Library
Costs

Total
Costs

1960 24 42 66
1961 28 47 75
1962 30 52 82
1963 32 57 89
1964 35 63 98
1965 39 68 107
1966 44 74 118
1967 45 83 118
1968 52 94 ;6
1969 57 101 158
1970 58 105 163
1:171 65 116 181
1972 70 122 192
1973 68 125 193
1974 67 122 189

Projections
1975 71 123 194
1976 72 122 194
1977 7.1 122 196
1978 76 121 196
1979 77 119 196
1980 79 117 197

nt'41'' , 98,N 1,4o11,11 1, I , ...t.,11,,!,,,to

9 5



Table 71. Cost ot composition and recording
in current and constant dollars: 1960-1980

!Millions of dollars!

Cost
C (Current $) (GurisIdrit

Table 72. A. ilcle Identification methods

Year

Dr,?ct
.1tions

(001,.

Indirect
Identifications

1000)

Total
Identifications

(000)

1973 .. 720 872 1,722
1974 .. 783 899 1,806
1975 .. 335 831 1,819

cony:- I vey King P. arch Inc Gunter tur rluantitatrve

. . ......... . . 337 384
403
424 4,' 1 Table 73. Percent of total article
482 529 identifications made by direct
503 543 article Identification methods
597 633
711 734
831 834

....... .. .19 903
10,.,, 1.065 977

-170 1.202 1,045
1.342 1,116

1972 1.464 1.178
1973 1,670 1.273
1974 1.844 1,275

Year

Library Preprint, Indiv:lual
Subscription Reprint Subscriptions

(%) (°:0) (0/0)

Direct
Total
(N)

1973 . .

1974 .. 8
7

12
13
14

21
22
25

42
43
46

SO! ; Arrthor Survey, Kni Resrrarch. Inc , Center for Ouantitatrve
Projections

197: 2.055 1,300
1976 2.384 1.413

1977 2,660 1.477
1978 2.941 1,528 Table 74. Percent of total article

199 3.245 1,584 idenfications made by indirect

1C80 3,555 1,631 article identification methods

I I 0 Nr , ' rtrt,rer 196: C-en5tant

j1,011!,1!,

Article,
Book or

Abstract Colleagues' Report Indirect
Index l'oference Reference Total

Year 0,1

1973 9 15 27 51

1974 8 14 27 50
197: 7 11 29 46

Reyrarcr,



Table 75. Article identification by field of science

Physical
Sciences

Mathe-
matics

Computer
Sciences

Enyiron-
mental

Sciences
Engi- Life Psy- Social

neering Sciences cho/ogy Sciences
Other

Sciences
(%) (O/o) (%) (%) (%) (%) (%) (%) (0k)

Direct Identifications
Subscription Copy 20.7 14.0 40.8 28.3 29.5 36.2 30.3 69.0 39.7
Preprint or Rerrint 14.7 18.7 20.1 27.0 17.9 13.8 12.3 .3 10.3

Indirect Identifications
Colleague Reference 17.1 24.4 .5 27.7 16.5 12.6 23.0 12.3 8.8
Article, Book or Report

Reference 37.1 42.9 21.1 17.0 19.4 33.3 26.6 12.3 41.2
Abstract, Index 19.8 0.0 2.8 0.0 16.6 4.0 7.6 6.0 6.0

SOURCE King Research. Inc . Center tor Quantitative Sciences

Table 76. Relative use of sources of
access to cited articles, by

year of citing article

Table 77. Estimated total cost of assimilation
of S&T literature: 1960-1980

[Millions of dollars]

Year Books Journals Report:. Total

1960
1961

327
352

654
705

981
1,057

1962 382 763 1,145[Thousands of articles cited, 3-year moving average) 1963 416 832 1,248
1964 444 887 1,331Year of Citing Article 1965 493 986 - 1,479

Source of 1973 1974 1975 1966 545 1,090 31 1,666

Access Articles Articles Articles 1967
1968

606
663

1,2.12
1,325

50
38

1,868
2026,

Library 732.6 791.4 783.2 1969 740 1,480 58 2,278
Publisher 386.1 455.2 526.7 1970 814 1,628 70 2,512
Colleague/ 1971 875 1,750 84 2,709

Office 206.6 202.1 156.5 1972 932 1,863 125 2,920
Author 316.7 325.8 277.5 1973 1,033 2,066 159 3,258

1974 1,143 2,285 156 3,584
SOURCE Author Survey. King Research. Inc . Center tor Quantitative Projections
Sciences 1975 1,264 2.528 205 3,997

1976 1,398 2,796 235 4,430
1977 1,540 3,079 273 4,892
1978 1,679 3,358 306 5,343
1979 1,833 3,666 345 5,344
1980 1,985 3,970 384 6,338

SOURCE: King Research. Inc Center tor Quantitative sciences.
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